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RECIPROCATING STEAM-ENGINES 


By ENGINEER LizuT.-COMMANDER T. ALLEN, R.N. (s.R.) 


BESSON TX 
THE UNAFLOW ENGINE 


Principle of Operation. The production of the 
Unaflow engine on a commercial basis about 
the year 1909 marked an important event in 
the history of the steam-engine. The original 


the term “ Unaflow ”’ ; as distinguished from the 
alternating flow of the ordinary cylinder, in 
which steam enters and expands during the 
forward stroke, and is reversed in direction and 
exhausted during the return stroke. 

Cycle of Events. Fig. 28 shows typical 
indicator diagrams taken from a Unaflow engine 
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patent of Leonard J. Todd dates back to 1885, 
but no general application of the principle 
appears to have been made during the inter- 
vening period. The Unaflow cylinder differs 
radically from the older types as will be seen 
from the comparative diagrams, Figs. 26 and 
27. Fig. 26 shows, diagrammatically, a section 
through the ordinary four-valve cylinder, and 
Fig. 27 is a section through a Unaflow cylinder. 
It will be noted from the latter diagram, that 
for each side of the piston, the cycle of the 
Unaflow cylinder is completed without reversal 
of flow of the steam; which is admitted and 
cut-off by the inlet valve, expanded, and 
exhausted through ports at the centre of the 
cylinder. Exhaust valves are not necessary, 
and the direct path of the steam is the basis of 
62—(5462) 


cylinder at nearly full-load. For each side of 
the piston the Unaflow cycle is as follows— 

I. Steam admission just before the dead 
centre and cut-off, for normal load, at about 
Io per cent of the stroke. 

2. Expansion after cut-off to about go per 
cent of the stroke, when the exhaust ports are 
uncovered by the piston, which has a length 
equal to -9 of the stroke. 

3. Evacuation of steam through the exhaust 
ports from the end of expansion to the beginning 
of compression which occurs when the piston 
again covers the ports after traversing about 
to per cent of the return stroke. 

4. Compression during the remainder of the 
return stroke until the admission valve opens 
to “lead.” 
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Advantages. The absence of exhaust valves 
permits of reduced clearances, so that a high 
degree of vacuum may be utilized. Condensa- 
tion is reduced by the smaller clearance and by 
heating of the metal surfaces during the com- 
pression. Condensation is also greatly reduced, 
due to the diminished cooling of the cylinder 
walls and clearance surfaces, by the exhaust 
steam in its passage from the cylinder. In this, 
lies the principal explanation of the fact that, 
after the lapse of nearly a century, the steam- 
engine has reverted to its simplest form as a 
single-cylinder machine—notwithstanding the 
previously accepted view that the highest 


ENGINEERING EDUCATOR 


packings, reciprocating parts, etc. Smaller 
foundations, space, and engine-house require- 
ments. 

General Features. Owing to the high ratio of 
expansion in a single cylinder, the cut-offs are 
small and the cylinders large. Although, for 
reasons of economy the normal load should be 
developed at about Io per cent cut-off, the 
valve gear, under the control of the governor, 
is designed to give automatic adjustment to 
smaller or greater cut-offs in accordance with 
the load. As the range of cut-off is- usually 
governed up to about 25 per cent of the stroke, 
and an overload of 25 per cent may generally 
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thermal efficiency was to be obtained by divi- 
ding the expansion over a number of cylinders. 
Other important advantages of the Unaflow 
engine over the older types are as follows— 

(a) Improvement of the cycle due to the 
nearly uniform fall of cylinder temperature 
between inlet and exhaust. Reduced radiation 
losses from pipes, cylinders, receivers, etc. 

(b) Elimination of throttling and increase of 
power made possible by the absence of exhaust 
valves and almost complete equalization of 
cylinder and air pump pressures at the end of 
the stroke, due to the large area of exhaust 
ports and the close proximity of the air pump. 

(c) Good drainage conditions, lower mean 
cylinder temperatures with higher possible 
superheats, and reduced cooling due to short 
exhaust port opening. 

(4) High mechanical efficiency, low oil con- 
sumption, and great simplification of design, 
due to the reduced number of cylinders, valves, 


be developed with a cut-off of about 15 per 
cent, it will be seen that the engine responds 
readily to varying load conditions. 

Owing to the high compression ratio, the 
pressure at the end of compression with normal 
vacuum may approximate to that of the initial 
steam. As the compression ratio is fixed, it 
is obvious that means must be provided to 
avoid excessive compression in the event of 
valve leakage, or undue reduction in vacuum 
due to failure of the condensing plant or any 
other cause. Similarly, if during starting and 
stopping, the vacuum is low or non-existent, 
or the engine is to run non-condensing, the 
same necessity arises. In some cases, special 
automatic valves actuated by the back pressure, 
and operated from the layshaft, are fitted to 
by-pass steam to exhaust so as to relieve the 
pressure—the valves remaining inoperative 
when the.vacuum is good. This arrangement 
introduces a number of additional working parts, 
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and some of the leading makers employ automatic 
spring relief valves, together with hand-operated 
valves for connecting the cylinder, when re- 
quired, with additional clearance spaces in the 
covers, so as to relieve excessive compression. 

Description. Photographs of Musgrave Unaflow 
engines are shown in Fig. 29 and in the inset 
plate facing page 969 (Fig. 30), and from these 
photographs, the general features of the type 
will be apparent. 

As far as the writer is aware, the engine 
illustrated in the inset plate (Fig. 30) is the 
largest normal speed Unaflow engine running in 
this country. It was built for a normal load of 
1,620 i.h.p. when supplied with steam - 
at 170 lb. gauge pressure, superheated Sack 
toabout 600° F. Power is transmitted 
froma rope fly-wheel on the crankshaft 
to an alternator and to the card and 
spinning rooms of a cotton mill—for 
which duty steam consumption and - 
good governing are points of prime im- 
portance.- The engine is fitted with a 
jet condensing plant, incorporating an 
electrically driven centrifugal water 
extraction pump, and duplicate steam 
operated ejector air pumps of the 
Musgrave “ Radojet”’ type. These air 
pumps are accommodated on the 
_engine-room floor, near the door 

shown in the illustration, and the 
control pillar and electric stop motion 
are also clearly visible in the photo- 
graph. 

The engine shown in Fig. 29 is of 
interest as illustrating the application of Unaflow 
engines to the direct-driving of large mine 
ventilation fans. The installation is designed 
to provide for the increased output and air 
pressure required from the fan, upon the 
development of the mine. For this reason, the 
engine is fitted with a special speed governor, 
shown in the photograph, which will permit 
the engine speed to be increased as the workings 

_develop, from about half speed to the full speed 
of 130r.p.m. The latter speed is fixed by the 
speed of the fan, which is direct-coupled to the 
engine crankshaft by means of a rigid coupling. 
No fly-wheel is fitted, as the necessary fly-wheel 
effect is incorporated in the fan rotor. The 
casing shown near the fan duct covers a light 
barring rack mounted on the crankshaft between 
the engine and the fan. 

The valves of Unaflow engines are of the 
drop valve seating, or piston type, driven 
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usually by semi-positive gear through eccentrics 
and rods from the layshaft. The valves may 
be lifted by means of cams and rollers, as 
in the photograph, by oil pressure, or through 
trip gear; -although the latter gear is not 
often employed owing to the high speed of 
rotation and small cut-off. The valves are 
usually returned to their seats by spring dash- 
pots in the valve bonnets, but, occasionally, 
mechanical closure is effected by closing cams 
and rollers. The valve gear may, if desired, be 
arranged for greater cut-offs than 25 per cent, 
but'a higher maximum than this is not required 
or desirable for high pressure condensing Una- 


Front 
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flow engines. Where the gear is applied to 
back pressure or steam extraction engines 
greater cut-offs are required, and the gear may, 
as a rule, be designed to cut-off up to 60 per 
cent or more of the stroke. 

Governors are of the centrifugal, inertia, 
or shaft types, driven usually by the layshaft, 
and arranged to vary the cut-off through 
regulation of effective cam travel, or point of trip. 
As all the power is developed in a single cylinder 
the control of the governor is particularly 
effective. Hand adjustment devices for regu- 
lating the speed, say, + 5 per cent while the 
engine is running, are frequently fitted. 

Unaflow engines run at speeds between 100 
and 200 r.p.m., according to size, the cylinder 
covers are heated by the passage of steam to 
the valve chests, taper-boring of the cylinder 
allows for the greater expansion of the piston 
and hot ends than of the cold exhaust belt, 
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and the engines are totally enclosed and forced 
lubricated throughout. Special features of the 
engines shown in the illustrations are— 

Small contact area between cylinder cover 
and frame bosses, baffling of leakage from 
_ front metallic packing, and water-cooling of 
crosshead race and main bearings, to secure 
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anti-friction devices of high-class slow and high- 
speed engines are retained, similar safety devices 
may be fitted, and special oils, packings, and 
cylinder metals are employed to enable the 
engine to work with high degrees of superheat. 
Regularity of Turning. The component parts 
of Unaflow engines must be somewhat heavier 
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cool frames and bearings, and low oil tempera- 
tures. 

Flexible admission valve seats to compensate 
for slight valve distortions due to high super- 
heat or varying loads. 

Transmission of governing forces through oil 
relay to eliminate governor strains, and to 
afford ample forces for regulating the valve 
gear. 

Flexibility of crosshead and tail rod bearing 
to allow for temperature changes and any slight 
inaccuracies of alignment. 

Connection of piston-rod to crosshead by 
adjustable locking nuts, permitting adjustment 
of cylinder clearances. 

The engine frame is normally bolted down to 
concrete foundations and the cylinder provided 
with sliding feet, except -where flexible oil 
supports are adopted. The adjusting and 


than corresponding parts of compound expan- 
sion engines, owing to the higher initial piston 
loads introduced in single-cylinder engines, by 
the larger pressure difference between opposite 
sides of the piston. The massive parts, com- 
bined with the greater speed are, however, of 
indirect advantage, as the high inertia loading 
tends to equalize the turning effort on the 
crank pin. With a suitably designed fly-wheel, 
the cyclical speed fluctuation can be kept 
within small limits, and the engine is, in every 
respect, suitable for drives requiring extreme 
regularity of turning, e.g. alternators, spinning 
rooms, etc. 

Steam Consumption. Wherever possible the 
Unaflow engine should be worked with super- 
heated steam, as the consumption is greatly 
affected by the degree of superheat. Steam 
pressures range, in practice, from about 
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Ioo- 250 lb. per sq. in., and steam temperatures 
up to about 650° F. The engine will give good 
results where only low steam pressure is avail- 
able, and it is equally applicable for the higher 
pressures. Developments in some designs tend 
towards the complete oil operation of valves and 
governing. 

A particularly valuable feature of the Unaflow 
engine is the uniformity of the steam\consump- 
tion over a wide load range. Between half 
load and ro per cent overload the steam con- 
sumption per horse-power hour only increases 
about 5 per cent, and this is of particular 
advantage in engines running at times on 
partial load, e.g. generating sets. 

Curves showing the steam consumption of a 
high-class Unaflow engine of about 800i.h.p. 
normal load, when supplied with steam at 
180 lb. gauge pressure, saturated, and super- 
heated to various total temperatures, are given 
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in Fig. 31. These curves illustrate the remark- 
able economy of the engine, the uniformity of 
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Curves showing steam, consumption of 800i.h.p. Unaflow engine. 

Steam pressure 180 lb. gauge, dry-saturated, and with various degrees 
of superheat. Vacuum 28.25 in. 

the steam consumption, and the influence of 

superheat in reducing the amount of steam 

used. 
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By A. Morton Bett, O.B.E., M.I.Mecu.E., M.I.Loco.E. 


LESSON III 
THE BOILER 


LocomotivE boilers are now almost exclusively 
constructed of steel, with as few joints as 
possible. Plates can be procured of such 
dimensions that the smaller size boilers can 
have the barrel made in a single piece with but 
one longitudinalseam. Electric welding enables 
a still further reduction of joints being obtained. 
The barrel of the boiler is attached to the outer 
shell of the fire-box, formed by an outer ‘‘ wrap- 
per ” plate, a “ throat ”’ plate, to form the inside 
end, and a front plate, the outside. The 
internal fire-box in which the fire is maintained 
is, in British practice, usually of copper, and 
this is supported from the outer fire-box by a 
number of screwed stays, or bolts, which take 
the stress, or strain, imposed by the pressure 
existing between. From the fire-box a number 
of flue tubes pass through the barrel of the 
boiler and enable the heat generated by the fire 
to be imparted to the water for the purpose of 
generating steam. The shape and size of a 


locomotive boiler is to a large extent dictated 
by the litnited space it must occupy. Rapid 
combustion of the fuel is essential to secure 
the necessary generation of steam the engine 
requires, and to stimulate and obtain this 
artificial draft is mecessary. The exhaust 
steam from the cylinders is used as a blast at 
the smoke-box end, inducing the passage of the 
products of combustion through the tubes, and 
causing atmospheric air to be drawn into the 
furnace (or fire), through the ashpan, which is 
arranged with suitable controlling dampers. 

To ensure good combustion at the required 
speed, considerable reliance has to be placed on 
the means and methods of firing. Maintenance 
of a high temperature in the fire-box is essential 
to good combustion, and it is usual to build in 
it a fire-brick arch over which the ‘partially 
consumed gases from the fire must pass before 
they enter the tubes; it must be remembered 
that the latter, having water behind them, tend 
to cool off the gases and restrict further combus- 
tion rather than augment it. 

There are many designs of fire-box, popular 
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ones in this country at the present time are 
the “‘ Belpaire,” and the direct stayed “ round 
top.” The former has a flat top, which 
secures for it increased heating surface with 
a very clear steam space, easy to keep clean 
and free from dirt. The fire-grate is formed 
of a series of flat bars, usually of cast iron, 
arranged longitudinally on suitable bearers 
place at the bottom of the fire-box. This 
grate has been the subject of considerable 
modification abroad, due to the low class of 
coal used and the larger consumption per square 
foot per hour such fuel calls for; various 
methods of ‘“‘ rocking” or moving the bars, to 
break up the fire are almost always employed. 
Means are also provided for rapidly dropping 
the large quantities of ash and cinder, which 
accumulate so quickly on large power units. 

On the fire-grate of an ordinary British loco- 
motive, coal can be burned at the rate of from 
30 to 200 lb. per sq. ft. per hour. . 

The total heating surface of a boiler is the 
number of square feet contributed by the 
external surface of the boiler tubes plus the 
area of the fire-box plate exposed to contact 
with the water. The heating surface of the 
superheater elements is usually given separ- 
ately, and as additional. The most valuable 
part of the total heating surface of a locomotive 
boiler is that portion represented by the fire- 
box. 

The actual efficiency of a locomotive boiler 
of good design may be taken as 65 per cent. 
It is capable of evaporating from 7 to 8 lb. of 
water per lb. of coal, when good Yorkshire steam 
coal is used, and its out-turn will rise to 8 to 
g lb. of water per lb. with best Welsh steam coal. 
About 12 lb. of water per sq. ft. of heating sur- 
face per hour is the usual evaporation power of 
a locomotive boiler, whilst each square foot of 
grate area may be assumed to account for the 
evaporation of from 800 to 1,000 lb. of water 
per hour. 

An accepted authority estimates the effici- 
ency of the boiler tube surface as follows: 
Assuming a fire-box temperature of about 
2,000° F., a smoke-box temperature of about 
500° F., and a heat transmission from the 
tubes of 4,500 B.Th.U.’s per lb. of fuel burnt, 
a theoretical evaporation of 4-7 Ib. of water from 
and at 212° F., would be attained with the firing 
of 40 lb. of coal per sq. ft. of grate, and a ratio 
of heating surface to grate of 60 to I, or, 
similarly, with a firing rate of 80 lb. per sq. ft. 
and a ratio of 85 to 1, 
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The heating surface of a modern locomotive 
is usually in the ratio of about 70 to I. 

The shell, or “‘ barrel,” of the boiler must be 
large enough to accommodate the number of 
tubes deemed necessary to give the required 
heating surface, and also provide a sufficiency 
of steam space. It is advisable that the tubes 
should not be too small in internal diameter, or 
cramped together too closely in their arrange- 
ment, otherwise there will be a risk of poor 
circulation of the water, for the violent ebulli- 
tion set up between the tubes will tend to keep 
it away from contact with the heated metal 
surfaces. 

Although it is no longer possible to provide 
a lofty dome, due to the limitations of height 
imposed by the loading gauge, a slightly raised 
and capacious chamber, still called a “ dome,” 
is provided, wherein the regulator is located, 
and the steam for the cylinders collected and 
taken as far from the surface of the water as 
possible. 

The regulator is now usually of some well 
known balanced type, with cylindrical valves, 
as these are so much easier to operate than those 
of the sliding pattern ; further, they are better 
to maintain and keep tight. As one valve must 
be slightly larger than the other to permit of 
their introduction into the regulator head and 
rest on their correct seatings, this fact is taken 
advantage of to secure a tendency to keep the 
regulator shut by the excess of pressure acting 
on the larger valve. 

From the dome all other steam supplies, 
including the feed injectors, brake pump, steam 
heat, etc., are usually taken, and, further, the 
large cover, or manhole, provides a very conveni- 
ent means of access to the boiler, when required. 
The dome itself is formed of either pressed steel 
plate or a built-up detail, whilst the cover is 
usually in the form of a steel casting. 

It will be noted in our illustration (Fig. 3), fac- 
ing page 921, of a typical British engine, that 
no dome is provided, but the particular form 
of the tapering boiler shell tends to secure an 
equivalent space for dry steam. 5 

The tubes are secured in the tube plates by 
expanding, beading, and the introduction of 
protecting steel ferrules. Electric welding has 
been introduced for this work, and in America, 
where iron and steel tubes are exclusively used 
with steel fire-boxes, it is now quite.common 
practice to fix them by this method. 

In designing locomotive boilers, provision 
should be made for the additional call for steam, 
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over and above that made by the engine, for 
the working of the continuous brakes, either air 
or vacuum, the heating of the train in the case 
of engines destined for passenger service, and 
the various auxiliaries now often operated by 
steam from the locomotive. 

To prevent any excessive pressure being raised 
in the boiler, safety valves must be provided. 
These were usually of the so-called Ramsbottom 
type, wherein two valves of similar size, about 
3 to 33 in. in diameter, were placed side by side 
on short hollow columns, between which a 
coiled spring was installed; one end of this 
was attached to a fixture on the base, whilst 
the other was connected to a bar crossing the 
valves; and terminating at one end in a “ fish- 
-tail,” long enough to enter the engine cab. As 
the bar, or lever, was pivotted at the point 
where the spring was attached, between the two 
. valves, lifting it pressed down the valve nearest 
to it and relieved the more distant one, and 
vice versa. 

Such a device as that described was doubt- 
lessly good whilst pressures were moderate, but 
it will be evident on a careful consideration that 
whatever pressure the valves were set to com- 
mence to blow off at, that pressure would be 
increased as the resistance of the spring would 
be more as the lift of the valve developed ; in 
other words, the controlling influence would not 
be constant. 

To remedy the vagaries of this construction, 
safety valves of the “pop” type have been 
designed, and are now generally used. In these 
the valve is actuated, or caused to rise, immedi- 
ately the steam reaches the predetermined pres- 
sure. The action is simple: the valve, loaded 
by a suitable spring, is surrounded by an annu- 
lar chamber on the increased area of which the 
steam which has lifted the valve can be effec- 
tive, and add to the force which keeps it raised 
until such time as the pressure in the boiler 
falls to the approved maximum, when the valve 
will instantaneously close. To put the matter 
very concisely, a “pop” safety valve will lift 
at the appointed pressure, allow all excess 
steam to escape, and practically shut at the 
same figure that it opened at. 

Other fitments to the boiler include water 
gauges, whereby the level of the water in the 
boiler can be readily seen ; these are usually of 
a “protected” type. The glass column is 
surrounded by stout plate glass strips, which 
prevent broken glass flying about should the 
glass tube burst. Further, the valves which 
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control the steam and water passages have 
automatic arrangements, whereby should a rush 
of steam or water take place due to fracture of 
the tube, they will automatically close, and so 
prevent scalding of the engine-men who may 
be near by. A refinement consists of markings 
on the protectors which become magnified when 
viewed through the water in the tube; there 
are many different designs. 

Among the minor attachments required on 
locomotive boilers are mud plugs and doors, 
by which periodical wash-outs and cleaning can 
be effected. For the holes located above the 
upper rows of tubes in the smoke-box, and also 
those at the level of the crown of the inner fire- 
box, tapered plugs, with fine screw-threads, 
are generally employed, and it is customary in 
many instances to provide them with renewable 
seats, so that if the screw-threads get damaged 
by the frequent cleaning operations, the seats 
can be replaced and tight plugs guaranteed. 
For the apertures along the base of the fire-box, 
from which considerable quantities of mud and 
scale may be taken, small hand holes are pro- 
vided by many designers, which are closed by 
plates held by a bolt to a bridge piece outside. 

Locomotives attached to large depots are 
now usually washed out with hot water at 
pressures approximating roo Ib. per sq. in.; 
this procedure doubtlessly adds to the life of a 
boiler by reason of the steady temperatures main- 
tained and also ensures much cleaner boilers. 

It is customary on modern locomotive 
boilers to provide a small steam chest, or 
“turret,” on which the various steam connec- 
tions for the brakes, lubricators, gauges, etc., 
can be mounted, obviating the necessity for 
providing a number of independent outlets 
which are a source of weakness and trouble. 
A connection by means of an internal pipe is 
arranged between this turret and the dome, so 
that it receives supplies of dry steam from about 
the centre of the boiler. 

The pressure gauge generally used is based 
on the principle of the Bourdon tube, wherein 
a flattened, curved pipe, when subjected to 
internal pressure, has a tendency to uncoil or 
open out, due to the different areas of the sur- 
faces exposed to pressure, inside and outside 
the curve. 

The smoke-box arrangements are preferably 
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simple and fewin number, although it is becoming 
the practice to install some mechanical device 
for cleaning out the soot, etc., and removing 
the ashes drawn through from the fire. The 
blast pipe should be fitted to be as clear of the 
tubes as possible, and its height regulated to 
give the best and most effective draft under 
normal working conditions. As external chim- 
neys have had to be reduced so in height, due 
to gauge, the common practice now is to provide 
a very short blast pipe with a “ petticoat ’’ to 
form an extension of the chimney inside the 
smoke-box. The usual degree of exhaustion in 
the smoke-box of a locomotive when running is 
equal to from 2 to 3 in. of water, but at starting 
it will run up to 6 in., whilst the speed of 
combustion in the fire-box will mount up to 
from 50 to 100 lb. of coal per minute—each 
evaporating 7 to 8 lb. of water per Ib. 

Nearly all boilers are now provided with a 
superheater, and the fire-tube type is that 
generally adopted; it consists of a number of 
U tubes, extending from a “header”’ in the. 
smoke-box into large fire-tubes passing through 
the boiler. The arrangement will be referred 
to later when dealing with superheater engines. 

Seamless steel tubes are used for the super- 
heater elements, the fire-box bends, or ends, 
being of cast steel, or produced by electric weld- 
ing, with additional metal introduced. At the 
smoke-box end, these tubes are attached to a 
steam collector, which has connections for the 
steam pipe to the steam chest. The arrange- 
ment is such that the steam passing from the 
regulator to the header must pass through these 
tubes on its way to the collector steam-pipe 
and cylinders. As the large fire-tubes in which 
these elements rest are subject to a flow of 
heated gases from the fire-box direct to the 
smoke-box, the steam passing through them 
becomes highly superheated. 

Efforts are now being made to adapt the 
water-tube system of boiler to locomotives, in 
expectation that by this means a considerable 
increase in the speed of steam production will 
be realized, and this at much higher pres- 
sures, without adding to the size and, more 
important, the weight of the boiler. Examples 
are in service at working pressures of 350 Ib. 
per sq. in., and upwards ; an experimental engine 
on the Continent uses steam at 850 Ib. per sq. in. 
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LESSON XX- 
SUM AND DIFFERENCE 
FORMULAE—<(conid.) 


Tan (A+B). In the last lesson we had 
obtained formulae for sin (A + B) and cos 
(A + B), and from them we can obtain the 
formula for fan (A + B), for, 


sin (A + B) 
ecos(A + B) 


sin A cos B+ cos A sin B 
~ cos A cos B-sin A sin B 


tan (A + B) 


Dividing top and bottom by cos A cos B, we 
have 


sin A cos B cosA sin B 
cosA cosB  cosAcosB _ tanA + tanB 
cos A cos B sinA sin BB i-tanA-tan B 


cosA cos B ~~ cosA cos B 


upon cancelling, and remembering that fan 


a Thus, 
cos 
tan A + tan B 
eee istnAtmB = CS) 
and, similarly, 
tan A-—tan B 
See r+ttndtaB °C 
If in (5) we put A = B, we find 
- 2tanA 
an = 1 — tan®A 


Formulae for Products. Another set of 
formulae can be found from (rx) to (4) of Lesson 
XIX, which are useful, perhaps not so much 
at present (except as stepping-stones to those to 
be given later) as when we deal with Calculus. 
Adding (1) and (3), we have 
(x) + (3) ; 
2sin AcosB = sin(A +B) + sin (A-B) (7) 
Similarly, 

(t)- (3). ; 
2cosAsinB = sin(A+B)-sin(A-B) . (8) 


’ cosQ + cos P = 2 cos }(P + Q) cos 4(P-Q) 


(4) + (2) 
2 cos A cosB = cos(A-B) + cos(A+B).  (g) 
(4) = (2) 
2 sin A sinB = cos (A-B)-cos(A+B) . (10) 
(It was by means of these formulae that the 
tables were calculated in the first instance.) 
Factorizing Formulae. From (7) to (tro), 
another set can be obtained, expressing sums 
and differences of sines and cosines as products, 
which are useful in the way that all factorizing 
formulae are, notably in cancelling fractions, 
and in obtaining forms to which logarithms can 
easily be applied. Writing in the above, P for 
(A + B), and Q for (A- 8B), when A = 
4(P + Q) and B=}(P-Q), these become 


(on also changing sides) 

sinP + sinQ = 2sin}(P + Q)cos4(P-Q) ( 

sinP-sinQ = 2sin}(P-—Q)cos}(P+Q) (12 
( 


cosQ-cosP = 2sin}(P + Q)sin} (P-Q) (14 
As an instance when these formulae simplify 
fractions, we have 

sin P+sinQ 2sin}(P + Q)cost(P-Q) 
cos P+cosQ- 2c0si(P + Q) cos} (P -Q) 


= tan} (P+ Q) 


sin 
upon cancelling, and replacing ee by tan. 


Further Triangle Formulae. The formulae 
developed in the preceding sections enable us 
to put the formulae of the cosine rule into forms 
better adapted to logarithmic calculation. 
First, we will get better formulae for the angles 
of a triangle in terms of the sides. In this case, 
we know that 

b2 + = az 

cosa abn | eal 
Now we also have (Lesson XIX) 
cos 2A = 2 cos* A-1 


or, cos A = 2 cos* $A -1 


so that cos? 4A = 3(r + cosA) 
Be ee 
=} (3 a meres) 


2bc 
6% + 2bc + c? — a? 
ig 4bc 
upon using the common denominator, and 
slightly re-arranging. The first three terms in 
the above numerator are (b + c)?, so the frac- 
tion may be written 


(6 + c)?-a? 
4be 


(6+¢+ a) (b+c-a) 
4bc 


on factorizing the difference of two squares. 
This can be simplified in form by writing s for 
the semi-perimeter, i.e. 


at+6b+tc=2s 


when b-+¢-a= 28-24 = 2(s—a), 
so that 
28.2(s—a) _s(s — a) 
21 = eae ea 
Coep ts = 4be +06 
Consequently, 


cos 3A = ce =a) 
be 


In a similar manner, starting with cos 2A = 
1-2 sim®A, orcos A = 1-2 sin? 4A, we shall 


obtain 
sin ja = [S=BE=9 
z be 
Now, by division, we find 
tanza = /(8—>) (s—c) 
i s(s — a) 


with, of course, similar formulae for fan 4B and 
tan’}C. These tan formulae are the ones to 
use in finding the angles of a triangle whose 
sides are known, when the numbers are too big 
to do all the arithmetic mentally. 


Example. Find all the angles of a triangle 
whose sides are 15-8, 19-6; and 21-4 in. 
The actual working is as follows— 


Ga Ses S=@i==) 12:6 
0 = ~x9°6 S—b = 88 
6 =, 214 s=¢ = 70 

2)56°8 28:4 
s = 284 STE 
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"9445 (log. 8-8) 1-4533 (log. 28-4) 
*8451 (log. 7-0) 1-1004 (log. 12°6) 


: 8-8 
tan $A = ,/ To XO S 
se 8-4 X 12:6 


2) 1-7896 (adding) 25537 (adding) 


$A = 22° 32’ 2°5537 
Aaa rae 2) F 2359 (subtracting) 
T6179 (5) = log. tan} A 
ae *8451 (log. 7 0) 1°4533 (log. 28-4) 
tan 4B = 79 X 12:6 I-1004 (log. 12°6) +9455 (log. 8.8) 
28:4 X SOGT ee esa(erdinny cage eater 
+5 —1302 45" 2°3978 ; 
B = 61° 26’ 2) 15477 (subtracting) 
17738 (5) = log. tan $B 
1-1004 (log. 12°6) 1°4533 (log. 28-4) 
tan $C = , /12°6 Xx 88 +9445 (log. 8-8) +845r (log. 70) 
284 X 7-0 2°0449 (adding) 2:2984 (adding) 
IC = 36°45" | SL Se 
QS 73°30’ 2) 17405 (subtracting) 
+ cer 18732 (5) = log. tan $C 
Check— 


A+B+C= 180° 


This logarithmic calculation should be quite 
clear, but there are a few points to notice. 
First, the choice of the ¢am rather than the sin 
or cos formulae is dictated by two reasons; 
firstly, the tangent can have any value, while 
sines and cosines are always less than 1—and 
when they are near 1, a small error in their 
yalue makes a big error in the angle ; secondly, 
the three formulae for the tangents of the three 
half-angles include four quantities only, as 
against six and seven for the sine and cosine. 
Then, in the work, after finding (s—a), (s—6), 
and (s—c), we added them, and found their 
sum was equal to s. - This must always be so, 
since 


(s—a) + (s—6) + (s—c) = 3s-(a+d+4+0) 
=) 35 = 25'S, 

This fact affords a useful check upon the 
addition and division. The use of log, tan 
tables avoids first finding antilogs. and then 
angles. Also, we have worked out all three 
angles, and then checked them by seeing that 
they added up to 180°. 

Area. The formulae for sin 44 and cos 
3A above also enable us to get a_ useful 
formula for the area of a triangle in terms of 
the sides. We know already (see Lesson XIX) 
that 


A = hbe sin A 
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_ But also (Lesson XIX again) 
sin2A =2 sin A cos A 
so sind = 2 sin iA cos b 


(s—6)(s—c) /s(s—a) 
re 


== Vse—a) (s—5) (s—c) \ 


Using this value of stz A m the formula for the 
area just quoted, we find 


A = vVs(s—a) (s—b) (s—c) 


Exampte. To find the area of the triangle 
“in the previous worked example. 
Using the formula, 


¥-4533 (log. 28-4) 


— 8- “6X 8-8 X 
A va aa? ; Oe 1-r004 (Jog. 12-6) 


eS aee -9445 (lag. 8-8) 
ee “8451 (log. 7°) 
2)4°-3433 (adding) 
2-1716 (5) (dividing 
a: a tee A 
Tan 3(B—C). To adapt the other use of the 


cosine rule to logarithmic calculation, we start 
from a slightly different standpoint. The case 
is that in which we are given two sides and the 
included angle. Knowing one angle, we can 
immediately obtain the swm of the other two: 
if now we can find their difference, we can find 
them, and then use the sine rule for the other 
side. 


Starting from the sine rule, 
5b snB 
Ee sin C 
b—c _sin B—sin C 


whence btc sin B+ sinC 


2sin3(B—C)cosi (B+ C) 
~— 2sin3 (B+ C) cost (B—C) 
tan 4(B — C) 
~ tan 3(B + C) 


so that tan } (B- C) = 5 ~~ tan dB +0) 


with, of course, corresponding formulae involv- 

ing the other combinations of sides and angles. 
EXAMPLE. As an example of its use, we will 

solve the triangle in which a = 28-6, 6 = 18-5, 


C= 71 24’ 


4 
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Firstly, since C = 71° 24’, we must have 
A+ B= 180° —- C = 108° 36’ 
so (4 + B) = 54°18" 
Now tan 3 (A —B) 
—5 ; 
= =r 5 fan {A + B) 


1-0043 (log. 10-1) 

*4435 (log. tan 54° 18’) 
1-1r478 (adding) 

£-6730 (log. 47-1) 
1-4748 (subtracting) 


I0-t i) 
= ce tan 54° 18 


whence 
(4 —B) = 16°37’ 5 

aS Be 1-9767 (log. sin 71° 24’) 

so A = 70° 55 1-4564 (log. 28-6) 
B= ee x 
37 4 1433 
By the sine rule. 39755 (log. sin 70° 55’) 
c = ¥-4576 = log. c 
sinC sinA 
28-6 sin 71° 24’ 

whence a ee Heck eae 


stm 70° 55’ 
= 28-69. 
This result may be checked by using 


sin B 


stead of = re which gives the same value 
of c. One point to note in the calculations is 


that we have not doubled 4(B-—C) to find 
(B-C), since adding 4(B- C) and (B+ C) 
gives us B at once, and their difference gives C. 


EXERCISE No. 32 
1. li tan A =} and tan B= 3}, show that A+B 
= 45°, and find the value of fan (B — A). 
2. Prove that sin (n + 1) @ = 2 sin nO cos @ — 
sin (n —1)@ and that cos (nm + 1)8 = 2 cos nO cos 9— 
cos (nw —1)6- 


3. Remembering that cos 60° = 4, show that 
sin 70° —sin 50° = sin 10°. 
Gots te, SE ee 


cos Q—cos P 
5. Solve the triangles— 
(a) a = 314,56 = 256,¢ = 188 
(6) a = 15-6, b = 19-9, C = 105°, 


RADIAN MEASURE 


Arcs and Sectors. Suppose we want the 
length of an arc, PQ (see Fig. 88) of a circle of 
radius 7, or the area of the sector OPQ, the 
angle at the centre of the circle being A°. Then 


the arc is = of the circumference, and the 


area of OPQ is a of the area of the circle, i.e. 


A 
arc rab Se ee Sine 


ee ee 
and See = Ma =e x 
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It will be seen that both of these calculations 
will be simplified if we have a table of the values 


of = for various values of A. These num- 


; 7A 

bers (= ) are proportional to the angles, and 
really afford another way of measuring angles. 
To see this, we will find when a= 
find the unit in this new way of measuring 


angles. From the above, we see that in this 
case, 


SS 00, (HORNE 1S. 


ALGi==aF ae 


or the unit angle is one for which the arc is 
equal to the radius. This is the same angle for 
all circles, and does not depend upon the choice 
of any particular number, such as 360 or go. 


Q 


L) 


O T P 
Fic. 88 


This angle is called the radian, and the measure- 
ment of angles in terms of this unit is called the 
radian measure (or circular measure) of angles. 
If 6 denotes the radian measure of an angle A°, 
we have 
TA 
180 
atc — 00 

sector = 4r?0 
and the last two formulae look considerably 
simpler than those above in terms of A. For 
converting degrees into radians it is convenient 
to remember that 

180° = rradians and 1 radian = 57-3° 


as is easily seen from the definition of a radian. 
Tables of the radian measure of angles are 
included in most sets of mathematical tables. 

In the above, if the radius of the circle is 
4in., and the angle 41°, we find from the tables 
that 41° = 0-7156 radians, so that 


arc = 4 X 07156 = 2:8624 in. 
sector = 4 X 16 X 0-7156 = 5-7248 sq. in. 


a= 
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Segment. The area of the segment PQ 
(Fig. 88) can be found by subtracting the area 
of the triangle OPQ from that of the sector. 
Now the area of the triangle OPQ is 47?sin 0 
(we may use @ instead of A, though this makes 
no difference to the value of the sive). Thus 

segment = 4770 — 47? sin 0 
or, segment = 4r? (6 -sin 6). 

With the above numerical values, 

segment = 4 X 16 (0-7156 - sim 41°) 
= 8 (0-7156 — 06561) 
= 8 X 0:0595 = 0:476 sq. in. 

Example. A chord of a circle of 5 in. radius 
is at a distance of 2in. from the centre. Find 
the area of the,smaller segment it cuts off. 

In Fig. 89, PQ is the chord, O the centre of 
the circle, and ON is perpendicular to PQ. We 


‘ Ne ave 
Fic. 89 
have ON = 2in., and OP = §in,, so that if 
{POO = 0 
Cie, ON 
cos 40 Sap Vitae ae! 


so 40 = 66° 25’ = 1-1592 radians, 
6 = 132° 50’ = 2-3184 radians. 
sin @ = sin 47° 10' = 0:7333, 
and the area of the segment 
= $7 (0-sin 0) 


= 4 X 25 X (2-3184 - 0-7333) 
= 19:81 sq. in. 


EXERCISE No. 33 _ 


1. A fly-wheel is turning at the rate of 110 r.p.m. 
Express this in radians per second. 

2. Find the length of the arc, and the area of a 
sector of a circle of radius 12in., the angle at the 
centre being 75°. 

3. Three circles, each of radius rin., touch one 
another. Find the area of the small curvilinear 
triangle included between them. 

4. Find the area common to two circles of radii 
4in., with their centres 6 in. apart. : 


(Continued on page 983) 
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By G. Woop, A.M.I.Mecu.E, . 


LESSON XIX 


Technical Features in Design. We have, in 
previous lessons, considered methods of deter- 
mining the form of a machine part so that the 
detail may serve its purpose with reliability 
and efficiency. In order to obtain the above 
we have given attention to both the strength 
of the parts and to previous design. We have 


Fic. 1 


also observed that whilst most prospective 
designs have many predecessors of almost 
similar form, the variation to be made from 
the reference drawing requires careful attention 
if we are to produce an efficient design. 

We may now proceed to consider some 


this diverting of the critical faculty there is 
often present, in the making of a drawing, a 
danger of embodying an impossible feature in 
the design. 

We may proceed to examine a few simple 
designs possessing various non-technical features, 

The Impossible. Fig. 1 shows a steel storage 
tank made of four plates, two dished-end plates 


= 


MANHOLE & COVER. 
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and two side plates, connected by single- 
riveted lap joints. The flaw in the above 
design lies in the absence of any provision for 
the workman leaving the tank after holding 
up the rivets during the riveting of the last 
plate. The above omission makes the design, 
from a constructional point of view, impossible. 


Ni 
/ 


= 


Ls 


TIS 
Sn 


Sly : Cc 


\ 
= 
| ae ek 


@= Dia ar Bortom of THREAD 
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independent of the geometry of the form of the 
part, are not always evident on the drawing. 

It sometimes occurs that, as a design develops, 
certain difficulties of construction are over- 
looked, and it is a well-known fact that as the 
draughtsman’s attention concentrates upon one 
point in the drawing the remaining points 
become hidden from his notice. As a result of 


Fic. 4 


To make the design practicable we must pro- 
vide a manhole, as shown in Fig. 2. The above 
requirement applies, of course, to riveted tanks 
of all sizes. In the case of tanks of too small a 
dimension to allow the fitting of either a man- 
hole or a handhole, the areas of the flat plates 
are sufficiently small to allow welded joints to 
be substituted for the riveted. 
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A further example of the impossible in design 
is shown in Fig. 3, which shows a valve spindle 
having a square end to take a hand-wheel. 
The spindle, in the working position, engages 


= 
P= 
N 


4 
Vill ahe ee 
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in a bridge, and must be screwed into the 
bridge before being attached to the hand-wheel. 
The above requirement may, from Fig. 3, appear 
to be met, but a section of the spindle, taken 
through the screwed portion, Fig. 4, evinces the 
fact that the distance across the corners of the 
square is greater than the diameter at the 
bottom of the thread. The obvious remedy to 
make the design practicable is to reduce the 
square to lie within the circle representing the 
bottom of the thread in the screwed portion of 
the bridge. 
The Impracticable. Fig. 5 shows a sectional 
elevation of the high pressure cylinder of an 
inverted steam reciprocating engine. The pis- 
ton is shown to full lines at the top end of the 
stroke, and to dotted lines at the bottom end 
of the stroke. The length L represents the 
length of surface rubbed by the piston during 
a complete stroke. Also, the diameter d repre- 
sents the external diameter of the piston rings 
in the working condition. If, when making the 
‘drawing of the cylinder liner we make the 
internal diameter equal to d for the whole 
length of liner, then after a length of service a 
certain amount of wear will take place, resulting 
in an increased diameter within the length L. 
The effect will be to lock the expanding piston 
rings within the above length ZL. Further, a 
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readjustment of connecting-rod bearing may 
alter the relative position of the piston at the 
end of the stroke, with the result that the 
piston ring would fail to clear the step worn in 


ex 


SS 
WILLA 1) 


UL2 7 L777T IIIa 


Ns 


LLLZLLL, 


the liner at the top end. An exaggerated view 
of the above danger is shown in Fig. 6. 

The above objections may be avoided by 
increasing the internal diameter of the liner by 
about fin. to d+ fin. from positions just 
within the rubbing length L. 

Another technical feature in design is shown 
(Fig. 5) in the difference in external diameters 
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of the liner. In fitting the liner into the 
cylinder the lower portions of the liner may pass 
the upper machined portion of the cylinder body 
quite freely, whereas if the diameters of upper 
and lower ends of the liner were similar the 


- 
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liner would have to be pressed into position 
during the greater part of its length. 

The Uneconomical. We have already ob- 
served that economy is the leading influence 
in design. In making a drawing of a new 
machine part we endeavour to meet the require- 
ments demanded of the part with a minimum 
of material and labour. Following the above 
rule we sometimes find it necessary to choose 


y -——_____-- Wildl 
Bil 
A 
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END ELEVATION 
Wit SHAFT REMOVED 


between economy in material and economy of 
labour. The forged steel lever shown in 
Fig. 7A has a circular boss at the larger end. 
This form of boss is more economical of weight 
for the required strength than the form of boss 
shown in Fig. 7B, but the latter boss is more 
easily made and may be considered the, more 
economical design. In practice, the type of 
boss shown in Fig. 74 would be considered an 


uneconomical design 


A further example of the uneconomical 
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in design is given in Fig. 8, which shows the end 
of a propeller shaft engaged in the propeller 
boss. It will be seen that the propeller is 
secured to the shaft by means of a key extending 
throughout the greater length of the tapered 
portion of the-shaft. If the keyway in the boss 
is cut to a minimum length, as in Fig. 8, diffi- 
culty will be experienced in machining the part 
for only a portion of the boss length. The 


MMMM 
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alternative method of machining the keyway 
throughout the whole length of boss, as shown 
in Fig. 9, is more economical of labour and 
would be considered a more practical design 
than Fig. 8. 

The above are typical examples of the non- 
technical features in machine design, and are 
sufficiently common to suggest the advisability 
of giving machine drawings a close scrutiny 
with regard to shop practice before making 
them working drawings, 
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5. An underground passage is 10 ft. wide, and the 
sides are 7 ft. high. The section of the roof is an arc 
of a circle of 8 ft. radius. Find the number of cubic 
yards of earth removed in a length of 20 yd. 


ANSWERS TO EXERCISES 30 AND 31 
(30) 
Xa 2572, 48° 34’, 91° 267. 
Reuse, £7 2’, 22° 58") 
3. (a) 7°21 tons, (b) 3-576 lb. 


4. (a) 92° 52’, 38° 37’, 48°31", 
(b) 104° 29", 46° 34" 28° 57’. 
5- 53° 19” and 33° 56 
6. 47° 10", 
8. 3:857sq.in., 3°857 sq. in., 
2°905 sq. ft., 9°165 sq. in. 


14°98 sq. in, 


(31) 
1. #, 48, 38 34, 48, $2. 
2. 0:96, — 0:28, 0°352, — 0-936. 
4. 0-4 


472, 0°8044. 
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LESSON XIX 


THE ELEMENTS OF 
MECHANISM 


MOMENT OF INERTIA 


It is our common experience that no material 
body has the power of itself to make any change 
in its own state of rest or motion, For example, 
the piston of an engine has no power of itself 
to move along the cylinder, when it does so it 
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is because, either there is applied to it a steam 
or explosion pressure, or the crankshaft is being 
turned around by some external force. Simi- 
larly, a rotor or fly-wheel, when in motion, is 
quite unable, of itself, to change its motion by 
either slowing down or speeding up; such a 
change can only come about as the result of 
some external force, such as friction, or a retard- 
ing or driving torque. Again, when the rotor 
or fly-wheel is at rest, it must remain at rest 
until acted upon by some external force. Now, 
this inability of a body to change its own state 
of rest or motion we refer to as inertia. Fora 
body which is moving or may be made to move 
in a straight line, this inertia may be represented 
by the mass of the body. When, however, we 
are dealing with a body which may have circular 
motion, we must take into account the distance 
of the body from the point about which rotation 
takes place. 

Let Fig. 102 represent a body, which, under 
the action of a tangential force P, is rotating 
about C with an angular acceleration a; the 
weight of the body being W Ib. 

Since the angular acceleration is a, the 
linear acceleration is 


oh xf Ac 2 


Now, we have already shown that 


Wee 
ee cal oS é, " (2) 
Ww 
torque <P 0h . » 43) 


Substituting (1) in (3), we may write 


Ww 
POR NG oe 


Ww 
or torque = e Rx ae Rees 


Now, assuming that the whole mass of the 
rotating body be concentrated at its own centre, 
which is distant & from the centre of rotation, 


then the quantity =x k? is termed the 


Moment of Inertia of the body about c, and k 
is termed the Radius of Gyration, 5; 


*, torque = moment of inertia x angular 
acceleration, 


or torque= JI Xa ; s #5) 


CENTRIFUGAL FORCE 


In Lesson XVIII, Fig. 100, we saw that a body 
which was moving uniformly in a circle, suffered 
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a change in its velocity, brought about by a 
change in the direction of its motion. We shall 


now obtain an expression for the force which 


acts upon the rotating body to produce this 
change of velocity. 

Let A,and A, (Fig. 103) be two positions of a 
body which is moving ina circular path of radius r 
with a uniform linear velocity V. Let ¢ be the 
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time taken to describe the small arc A, A,. To 
determine the total change in the velocity of 
the body as it moves from A, to A,, set down 
ca,, Fig. 104, to represent the velocity of the 
body at A,, and similarly, ca, to represent the 
velocity of the body at A,. Then a,a, repre- 
sents the velocity change undergone by the 
body in moving from A, to A,; that is, a,a, 
is the velocity which must be added vectorially 
to the initial velocity at A, to give the final 
velocity at A,. By taking the two positions 
A, and A, nearer and nearer together, the 
dissimilarity between the sector A,CA, and the 
triangle a,ca, tends to disappear and, in the 
limit, when A, and A, are indefinitely close 
_ together, we may write 


meee, A, «(Ve 
ie (7) 
Sera 2) 


v velocity change ; 
But, B time of change — acceleration = f 
v2 
a > . : ets 


To determine the direction of this accelera- 
tion f, we note that, as @ is diminished, a,a, 
which is the velocity change v, becomes more 
nearly normal to ca, or cay, and in the limit, 
when @ is indefinitely small, the direction of 
@,@, is normal to the direction of motion, that 
is, the acceleration is radial and directed towards 
the centre of rotation. Now, to produce this 
acceleration in a rotating body we require a 
force which is also directed towards the centre 
of rotation. 

In Lesson XVIII we showed that 


P=M xf 
where P = force acting on a body of mass M 


(u=") 


and f = acceleration of M’s motion. 

hence, for a body of weight W which is moving 
with a linear velocity V in a circular path of 
radius 7, the force acting upon the body towards 
the centre of rotation is given by 


= MM xf 
W Vv 
or ae tare (4) 


This force F, is termed the Centripetal Force, 
63—(5462) 
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and since we learned from Newton’s third law 
that forces occur in pairs, we must, therefore, 
recognize the existence of a Centrifugal Force, 
equal in magnitude to the Centripetal Force, 
but acting in the opposite direction, i.e. radially 
outwards. 


SIMPLE Harmonic MoTIoNn 


A study of Simple Harmonic Motion is of 
great importance to engineers, since many of 
the motions in which we are interested are 
either simple harmonic or close approxima- 
tions to the simple harmonic type. The piston 
and plunger of a donkey pump, Fig. 105, move 


FIG. 105 


with simple harmonic motion. A weight which 
is supported by a helical spring, when given a 
vertical displacement and then allowed to 
oscillate freely, moves with an approximately 
simple harmonic motion. ; 

A bar, fixed to the lower end of a wire which 
is clamped at its upper end, Fig. 106, moves 
with, approximately, simple harmonic motion 
when the wire is set into a state of torsional 
oscillation. The bob of a long pendulum and 
several other instances of vibrating bodies may 
be treated as moving, approximately, with 
simple harmonic motion. Further, the periodic 
motion of many parts of machines may be 
analysed as the sum of a series of simple har- 
monic motions. From these examples we see 
the importance, to the engineer, of a study of 
simple harmonic motion. 

Let B, Fig. 107, represent a body which is 
moving in a circular path of radius a, with a 
constant angular velocity w. Then, if C is 
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always the foot of the projector from B upon 
a diameter, the motion of C will be Simple 
Harmonic. The extreme movement of C from 
its mid-position is termed the Amplitude = 


WIRE UNDER TEST 
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OA, and the time interval required by C to 
return to, and to be moving in the same direc- 
tion through any given point in its: path is 


2 
termed the Period = = : 


lar speed of OB, then 0 = wt, and 
% = aCOS wt (x) 
The linear speed of C is obtained by differen- 
tiating (1), and we obtain— 


ax ete 
v= GF =~ wasin @ 


Since @ is the angu- 


(2) 


Differentiating again, we obtain an expression 
for the linear acceleration of C— 
dv 


f= | =~— 07a cos wt 5, bay ea BE: 


and, since *=acoswt, (I), we obtain by 
substitution— 
(4) 


The negative sign in (4) indicates that the 
acceleration is directed inwards, that is, towards 
the mid-position O, whilst x, the displacement, 
is measured outwards from O, and is therefore 
taken as positive. 

When we examine the simple harmonic 
motion of C a little more closely, we find several 


f=- ox 
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points worthy of notice. At each end of its 
path, C has to come to rest, in order to make the 
return journey, and so, at the points A and D, 
the velocity of C is zero. The acceleration f 
at these points, however, reaches its maximum 
value, as can be seen from f = — w?x, (4), which 
has its maximum value when « = a. 

At the mid-position O, the velocity of C is 
a maximum, and its acceleration is zero. This 
can be seen from (2) and (4). When 0 = wt 
= 90°, then v = wasin wt, (2), becomes — wa 
sin go° and its value is — wa, which is numeri- 
cally the same as the linear velocity of B. 
Again, f =-—w*x, (4), and when % =o then 
f=o; that is, the acceleration of C is zero 
when in its mid-position. 


TORSIONAL OSCILLATIONS 


We can now consider the application of our 
expressions for simple harmonic motion to the 
case of a heavy body attached to the lower end 
of a wire, the upper end of which is fixed whilst 
the body and wire are given an angular dis- 
placement and so set into a state of torsional 
oscillation. 


5 : 
une, IP == = , where T = time per complete 


oscillation 
an 
O= F 
4m 
and On ‘TR (5) 


By substituting (5) in (4), we obtain 
4r° 


=e X* 


One ea. a ; ; which may be applied to the 
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case of circular motion and is then written 


Pion angular displacement (6) 
angular acceleration 
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We have previously shown (Lesson VI) that— 


and we have also shown earlier in this lesson 
that— 


TM 
tai >< a, or ye =a 
NO 
.. wemay write a = ae F 7) 


By substituting (7) in (6) we obtain 


OT 
T= potted. 
2m Noy 
UE. 
T= ea 
2m i 
rel 
or easy (8) 


Where J = moment of inertia of the heavy 
body about the centre of oscillation ; J = length 
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of wire; N = modulus of rigidity for the 
material of the wire; J = polar moment of 
inertia of the cross-section of the wire; T = 
time of a complete oscillation. 

We have here an expression which is very 
useful when we wish to determine the Modulus 
of Rigidity of any material which can be drawn 
into a wire of circular cross-section. 

EXAMPLE. To determine the value of the 
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modulus of rigidity for a copper-cadmium 
alloy, a wire of this material was fixed rigidly at 
its upper end, whilst to its lower end was 
attached a brass bar 0-5 in. X o-5 in. x 6in., 
Fig. 108. This brass bar was given a small 
angular displacement and then released, so that 
it oscillated with a motion that may be taken 
as Simple Harmonic. The weight of the 
brass bar was 196-7 grms.; the length of the 
wire under test was 28in.; the diameter of 
the wire 0:066 in., and the bar made 109 com- 
plete oscillations per minute. Calculate the 
value of the modulus of rigidity: for this copper- 
cadmium alloy. 

We may make use of equation (8) above, and, 
in order to do this, we must determine the 
numerical value of the quantities, I, T, and J. 

If the student will refer back to Lesson X, 
he will find that we have there shown that 


Tex tTyy =I ZZ 
and we shall now make use of this expression 
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to determine the moment of inertia of our brass 
bar about the longitudinal axis of the wire, that 
is, about ZZ, Fig. rog. 

Let w = the weight per unit volume of the 
bar, then 


Tex me i x T2 x xy? 
Similarly, 
we 1. 
Doe ra A Pi yee 
} ae Loe 
oP e*n” + X y39* 


But wxyz = W, the weight of the bar, 


Ww ier s 
Fes ae 12g [y? + 27], and substituting 
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our values we have 
Lo where 
196°7 W = weight of bar 
72% (32-2 x 12) *% 453-6 in Ib. 
[36 + 4] £ = 32-2ntpensec: 
or 7, = 0°00339. 1b.) in. per sec. 
units. a 
Nore. In inch units, |” ~?'™ 
£= 32:2. x I2in, persec”) |x = o-5 0m. 


The polar moment of inertia of the wire 
section 
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Tw 2 2 
ae (0:066)4 = 0-000001862 in.* 


The tine per complete oscillation = T = 


fe) 
=== SEG: 
10g 


The length of wire under test = / = 28 in. 
On substituting these values in (8), we write 


An X 28 X 0:00339 X I09 X I09 


be x 0:000001862 X 60 X 60 


or N = 6,624,000 lb. per sq.in. * 
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LESSON III 
STRUCTURAL STEEL—(contd.) 


Rivet Spacing. Rivets should not be placed at 
a closer pitch than three diameters, nor should 
the centre of a rivet be nearer than one and a 
half diameters to the edge of the metal through 
which the hole is made. For a machine-driven 
rivet, tin. clearance is required between the 
edge of the rivet head and adjacent projecting 
metal, such as the leg of an angle or the head 
of a rivet through it (see Fig. 16). 

In order to guard against local buckling in 
compression members, it is common practice to 
limit the longitudinal pitch to sixteen times the 
thickness of the thinnest exposed plate with a 
transverse pitch double this figure, and to 
limit the distance of the centre of the rivets to 
the edge to eight times the thickness of the 
thinnest plate. 

B.E.S.A., No. 153, requires the above longi- 
tudinal pitch for tension members and further 
limits the pitch to r2in. For compression 
members, twelve times the thickness instead 


of sixteen is specified. For angles having two 
lines of rivets it specifies a pitch along each 
line of thirty-two thicknesses for tension mem- 
bers, and eighteen thicknesses for compression 
members, in each case limiting the pitch to 
2 aii. 

Bolts. Where black bolts are used instead of 
rivets, 20 per cent more bolts than rivets should 
be employed. This is equivalent to calculating 
with a shear stress of 5 tons per sq. in. instead 
of 6. A common allowance for the number of 
field rivets in a joint is an excess of I5 per cent 
over shop rivets. 7 

Sometimes turned bolts. which fit tightly in 
the holes, are used instead of rivets where the 
positions of the holes makes driving difficult. 
They have threads of smaller diameter than 
the bolt which are protected by a sleeve during 
driving. 

Bolts and nuts are usually hexagonal in shape, 
the thickness of the nut being about the same 
as the diameter of the bolt and that of the head 
slightly less. The width across the corners is 
about twice the diameter of the bolt. 
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Girder Connections. Just as the sizes of 
joists have been standardized, it is the general 
practice for individual firms to standardize 
connections as much as possible. 

Thus, for connecting the end of a joist 20 in. 
x 641in. X 65 Ib. per ft. to the web of another 
girder, a pair of 4in. X 4 in. angles would be 
used riveted to the web of the joist by 5 ] in. 
rivets with holes in the outstanding \legs for 
Io ¢in. bolts or rivets, as indicated in Fig. 17. 


__ The web of the joist is 0-45 in. thick, so that the 


bearing: value is the determining factor. If 


' 5 tons per sq. in, is the suitable shear stress, the 


_ value of each rivet is 10 X -45 X $ = 3°94 tons, 
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Fig. 17 


and the cleat will be good for a reaction of 


‘19-7 tons, 


With a section modulus of 122-6in.* and a 
flange stress of 8 tons per sq. in., the span pro- 


. ducing this reaction with a uniformly distri- 


buted load is 122-6 x 8 x 8 +394 X 12= 
16-6 ft. The same cleats would be used for 
longer spans with less reactions. 

This method of calculation has the merit of 
simplicity, and is justified by the indetermin- 
able nature of the actual stresses in the rivets. 

It is sometimes assumed that the total reac- 
tion will act along the face of the web to which 
the joist is connected, tending to cause the 
cleats to rotate about the central web rivet. 

It is probable, however, that the rivets or 


bolts connecting the outstanding legs to this 


. 


web face will provide a certain end fixity for 
the beam, the deflection in which may tend to 
cause rotation in the opposite direction. 

This uncertainty together with that of the 
value of the friction grip hardly justifies the 


_ complicated calculations sometimes made. 


When a joist is carried on a stanchion flange 
or web, a seating or stool is riveted to the 
stanchion on which the joist can rest while the 
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connections are completed (see Fig. 18). If the 
girder cleats are sufficient to carry the load the 
ultimate structural function of the seating is to 
increase the stiffness of the connection. An 
angle cleat riveted to the top flange also serves 
the same useful prupose. 

The stools are often required to transmit all 
or part of the load from the end of the beam 
to the column, in which case it is common 
practice to stiffen them with a tee section or 
pair of angles as in Fig. 19. 

When it is necessary to connect the ends of 
two joists as, e.g. over the bearings in a 


Flange 
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continuous length of crane runway, flat plates 
bolted to each side of the web are used. From 
analogy with rail connections these are called 
jishplates. Like cleats, they are also standard- 
ized. 

Though both fishplates and the bolts or rivets 
through the angle cleats at the end of a girder 
preduce a certain fixity at the support, its 
value is not considered as relieving the bending 
moment in the girder at mid span. 

Filler Joists in Concrete. If concrete is used 
as a filling between rolled steel joists for floors, 
tests have shown that the steel and concrete 
act together as a composite material with no 
slipping between the steel and concrete at work- 
ing loads. 

From the fact that the concrete filled up to 
the level of the top of the joists prevents side 
flexure of the top flanges, it is usual to permit a 
higher stress (say, 9 tons per sq. in. instead of 
8) on the joists calculated as if acting alone. 

If the concrete is I in. or 2 in. above the top 
of the joists, they are sometimes calculated as 
if stressed when considered as acting alone, to 
Io and 11 tons per sq. in. respectively, a rule 
often justified by the analysis of the section as 
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a composite structure, if the joists are not 
placed too closely. Breeze concrete should not 
be employed because of its possible corrosive 
effect on the steel, and if the higher stresses 
mentioned above are used the concrete must be 
good enough to justify the correspondingly high 
compressive stresses which may occur. 

When the depth of the beam carrying the 
filler joists has to be a minimum, they are 
carried on a continuous shelf angle riveted to 
the web of the beam. If the beam depth is 
unimportant the filler joists can be continuous 
over the top of the beams. 

Compound Girders. If plain steel joists of the 
allowable depth are not strong enough for a 
given load they can be reinforced by riveting 
plates to the flanges. 

As the required section modulus is the bend- 
ing moment divided by the working stress, a 
diagram of section modulus, such as is shown 
in Fig. 20, can be constructed. Suppose that 
the required maximum section modulus is 
610 in., and it is required to find the width of 
3 4 in. plates riveted to the top and bottom of 
2 R.S. joists 20 in. x 64in. X 65 lb. 

It is easy to show! that except for shallow 
joists the section modulus of two equal plates 
top and bottom is the area of one plate multi- 
plied by the distance between them. 

The total depth of the plated section is 23 in., 
so that the section modulus contributed by the 


SS “J 


= 
SCS 


NS 


SON Tovel 
SY) 
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two joists is X 21,226 ~ 114 = 213 in. the J 
of one joist being 1,226. 

If -82 is the thickness of the joist flange at 
the rivet hole, the area deducted by two +3 in. 
diameter holes in the flanges and plates is 2 x 
(14 + °82) x 48 = 4:35 in.? and 20 —- (2 X °82) 
= 18-36 in. is the distance between them. 

1 See The Structural Engineer for Jan. 1923. 
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The deducted section modulus is thus 4:35 x 
81-36 = 80 in. and the required section modu- 
lus of the plates = 610 — 213 + 80 = 477 in.?. 
The distance between the plates being 20 in., 
the required area = 477 — 20 = 23°85. The 
thickness being 14in., the width is 23-85 + 1°5 
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= 15-9. Three 16in. x 4in. plates can thus 
be used. 

The section moduli of the two joists with 1, 
2, or 3 plates can be found directly by the above 
method, or by first calculating the moments of 
inertia as indicated below, slide rule accuracy 
being well within the rolling margin: 


fof 2 20in. X 64in. R.S.).— 2 X 1,226 2,452 
I of 2 rivet holes -82 X 15/16 = 1% X (203- 

18°368) + 12 = 283 
Net J of 12 joists 2,169 


Effective width of plate 16 in. plate = 16-1 = 144 in 


Tofplate 20in. apart = 14} (218-—20%) = 12 = 1,485 
Sum = 3,654 


pe pee Tan * = 144 (228-21) + 12 = 1,631 
Sum = 5,285 
Eon eee » = 14} (23°-22%) + 12 =1,787 
Sum = 7,072 
Net section modulus with 1 plate = 3,654 + 103 
= 348 in. 
a - a » 2plates = 5,285 + 11 
= 480 in. 
” ” ” 2” 3 ” = 7,072 ses rrd 
= 615 in. 


If horizontal lines at heights corresponding to 
these values are drawn on the section modulus 
diagram, the required length and position of the 
plates are indicated by the intersections. It is 
usual to carry the plates for about. three pitches 
of rivets beyond the theoretical stopping off 
points, and to run the bottom plate to the end 
of the girder. 

How the required rivet pitch is calculated 
will be discussed in the next lesson. 
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OUTLINES OF AUTOMOBILE ENGINEERING 


By J. L. Miruiean, B.Sc. (Vict.), M.I.A.E. 


LESSON IV 
ENGINE CONSTRUCTION— (conid.) 
CYLINDER AND PISTONS 


HEAT generated by the combustion of the fuel 
is not all converted into work on the piston, 
part is lost by radiation to the walls of the 
combustion chamber and piston crown. This 
raises the temperature of the parts, and means 
have to be taken for cooling these to a tempera- 
‘ture which will not produce trouble in lubrica- 
tion or burn pistons or valves. This may be 
done either by casting ribs on the cylinder 
and allowing heat to be conveyed to the air, 
called direct air cooling, or by surrounding the 
cylinder with a water jacket and circulating 
water through the jacket, the water being 
subsequently cooled by passing it through a 
block of piping (the radiator) with a very large 
surface exposed to the air, which is drawn through 
it by a fan or driven through by the motion of the 
car. This is called water cooling, although in 
the case of a car where the water is used again 
- it is really indirect air cooling. 

The higher the compression the less the heat 
lost to the cylinder walls, as more is turned into 
work. This is not always clearly understood. 
High compression can cause self-ignition, especi- 
ally if there is a pointed body or spike of carbon 
which can become incandescent. Self-ignition 
produces a harsh metallic sound, called “ pink- 
ing.”’ There is a well-defined limit of com- 
pression for any engine, but two seemingly 
identical engines may require slightly different 
values. 

A badly designed cylinder may pink at such 
a low compression value that its compression 
has to be lowered until it overheats. Overhead 
valves, owing to the combustion chamber shape, 
are more free from self-ignition than side valves, 
and hence can stand higher compression, with 
less fuel consumption and less heat loss to 
jackets and pistons. 

Aluminium Pistons. Aluminium and_ its 
alloys are now almost universal for pistons 
except in some of the cheapest vehicles. It 
can, with light weight, convey heat rapidly 
from the centre of the crown to the part which 


touches the ‘walls and thence to the jacket, 
preventing the carbonization of oil on its sur- 
face. It has good wearing properties, and its 
low weight permits of its reciprocation without 
excessive loads on the crank pin and shaft. 

It has a serious drawback: it has a high 
expansion coefficient. This necessitates leaving 
the piston small when cold, so that when hot 
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it is a good fit. Rattles when cold are the 
common lot of aluminium pistons unless special 
steps are taken to counteract this tendency, by 
the splitting of the skirt of the piston, fitting 
of a ring of non-expansible material, or fitting 
springs inside a loose panel, to name a few of the 
methods in practical use. Owing to the top of 
the piston being hotter than the bottom, the 
top end is made smaller than the bottom. 
Piston Rings. In order to keep the piston 
gas-tight, rings are inserted in grooves in the 
piston. These are made as Fig. 18, and are 
not circular when free, but of a shape which when 
fitted in the cylinder will give approximately 
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equal pressure on the cylinder walls at every 
point. This is done by different makers in 
different ways. In use, the gas passes behind 
the ring and increases the pressure against the 
wall. There is, of course, a small loss of pres- 
sure where the points of the ring come, as they 
cannot be left touching owing to expansion 
difficulties, for the piston and its rings heat up 
more rapidly than the cylinder and cool more 
slowly. The amount of pressure required to 
close a ring, called initial pressure, varies with 
different makers, and can only be settled for a 
given engine after trial. Excessively high pres- 
sures cause wear on cylinder walls. Low pres- 
sure rings allow gas to blow down into the 
crankcase, and may collapse when the pressure 
in the cylinder is a long way below atmospheric 
pressure, as during an induction stroke when 
the throttle valve is closed. This allows air 
from the crankcase to enter the cylinder and 
destroy the accuracy of the petrol-air mixture. 
High pressure rings, by causing friction in the 
cylinder, require greater force to move them at 
the stroke ends. This hammering opens out 
or wears the ring grooves, and causes loss of 
gas and burning or carbonizing of grooves. 

Between these extremes a medium has to be 
found for ring pressures. Rings for cast-iron 
pistons are usually made with a width along the 
piston side of about one-sixteenth of the piston 
diameter. For aluminium pistons the width 
is usually half the above. 

Specialists in ring manufacture have stand- 
ardized rings, but when cylinders are rebored 
and larger pistons fitted, odd sizes have to be 
made. 

The Gudgeon Pin is the hinge on which the 
connecting rod works. It is fitted in three 
distinct ways— : 

I. Fitted non-rotatably in rod, running in the 
piston without a bush. 

2. Fitted non-rotatably in piston, with a bush 
in the top end of the rod. 

3. Fitted rotatably in both rod and piston. 
Spherical caps are provided on the pin to pre- 
vent scoring of the cylinder by end movement. 

(a) Is the commonest type, and is used both 
in the cheapest and in the most expensive 
cars. 

(0) Is more expensive to produce than (a), 
not so easy to keep quiet and, as the pin is 
tight in the piston, stresses are introduced in 
fitting up which are not fair on such a light 
part. 

(c) Is a common type, especially where the 
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connecting rod is of duralumin, it avoids stress- 
ing the rod head by pinch bolts or keys. 

Connecting Rods. Connecting rods are almost 
all of the same general design (Fig. 18). There 
are variants, however, rods of circular cross- 
section drilled out were at one time common, 
but had a difficulty in the open ends giving 
insufficient support to the bearing shells. 

The big end or crank-pin bearing is lined with 
an anti-friction lining of white metal. This is 
sometimes cast directly into the rod, and some- 
times into a gun metal shell fitted into the rod. 
In the former case the whole rod has to be 
fitted in a special jig and molten white metal 
poured in, then machined. In the latter case 
the shells are replaced by new shells already 
metalled. Remetalling old shells is not an 
economy, as they will not fit the rod owing to 
contraction or expansion during the casting 
process. 

On the other hand there is no question that 
the integral rod. end lasts longer than the loose 
shell type, as heat is more easily conducted 
along the rod when no joint is interposed. The 
absence of a shell allows of the valve gear cams 
being brought nearer to the crank centre. 

Small sized rods have two bolts to secure the 
cap, but four are used on larger sizes. Up to 
recent years rods were of steel, but duralumin, 
an aluminium alloy which may be forged and 
stamped, is in very general use to-day. Stiff- . 
ness rather than strength is necessary in a con- 
necting rod and weight is undesirable, as many 
of the stresses in a connecting rod are due to 
the oscillation and reciprocation of the rod 
itself. : ® 

The influence of rods on “ balance ’’ will be 
later described, but it may be stated that rods 
should not be less from centre to centre than 
twice the stroke of the piston. ; 

The big end has to be made with a split bear- 
ing to enable it to be put on the crank pin. In 
a few cases it is not split, and the crankshaft 
is made up in pieces to enable the rod to be 
threaded on to the pin. Between the rod and 
the cap a thin plate, known as a shim, is fitted. 
When slack develops this may be removed, and 
one a little thinner substituted or the original 
filed or ground down. 

Connecting rod bolts and nuts must be of 
the toughest material available, with the 
threads well cut and a good fit. The breaking 
of a bolt will do considerable damage, and the 
restrictions of design do not permit of large 
bolts being fitted. ‘ 


OUTLINES OF AUTOMOBILE ENGINEERING 


NUMBER OF CYLINDERS 
AND BALANCE 

There are two separate requirements in 
balancing— 

(a) The power strokes of the various pistons 
should follow each other at even intervals. 

(6) The moving parts shall be in dynamic 
balance. 

This can be expressed in a few general prin- 
ciples— 

1. The centre of gravity of the whole of the 
engine parts shall not move. As the crankshaft 
can be balanced to give a centre of gravity on 
the centre line and the fixed parts have, of 
course, a fixed centre of gravity, it follows that 
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the centre of gravity of the group of pistons and 
connecting rods must not move. 

2. There must be no unbalanced moments. 
This demands that one-half of the engine must 
be a mirror image of the other, just as the 
familiar scheme of half a model ship with a 
mirror behind gives a ship with one-half the 
mirror image of the other about a longitudinal 
plane, the analogy holds in the case of an 
engine with the mirror transversely to the 
crank axis at the middle of the engine. 

The position and design of the cranks, con- 
necting rods, and pistons should look the same 
whether a mirror or glass sheet be used. This is 
probably the simplest way a beginner can under- 
stand a subject too often wrapped in abstruse 
language. 

In the case of a four-cylinder engine, we have 
an arrangement of cranks and rods as Fig. 19. 
The shaft is balanced and the mirror image 
theory holds. If mnop (Fig. 20) were a mirror, 
the apparent view of the back half would be 
the reflection of the front half, which is the 
same view as seen direct. The two end pistons 
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are up when the two centres are down. The 
centre of gravity is, therefore, at a (Fig. 19) 
half-way between the centres of gravity of 
the pistons. 

When the cranks are all horizontal the four 
pistons are all in line, but are then below the 


| 
| 
| 
| 
\ 
| ¥: ; 
BS DS 
\ Oe Deas Be 
| eo y Ue 
| LOE I 
| Hey 
| oan, - 
| 1 1 
| bee 
3 t 
\ 
t 
{ 
| 
\ 
( 
| 
\ 
| 
| 
f 
— | 
4 t 
} 


Fic. 20 


point midway between their top and bottom 
positions owing to the angularity of the con- 
necting rod. This means that the centre of 
gravity of all the pistons has moved this 
distance a—b in a quarter revolution. The next 
quarter revolution sees the pistons top and 
bottom again, and the centre of gravity up at 
its former position. 

A weight equal to the combined weight of all 
the pistons and their gudgeon pins and top end 
of connecting rods is, therefore, being displaced 
through a short distance, Two complete cycles 
per engine revolution. These are, therefore, 
called secondary forces. 

The distance can be calculated from the known 
lengths of crank and connecting rod, plotted from 
drawings, or measured on an engine. When the 
connecting rod is two strokes in length, the out- 
of-balance travel is one-sixteenth of the stroke. 

As the forces due to reciprocation are propor- 
tional to the square of the speed, the ‘four 
pistons at one-sixteenth of the stroke are equal 
in their unbalanced secondary force to one of 
those pistons at the full stroke on primary. 
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Assuming that the motion of the piston 


centre of gravity is harmonic (it is nearly so), 
the usual formula for inertia forces is— 


d W whe 
Force at each end of motion = a x 2m? NZS 


Where W = weight. 


g = gravitational acceleration = 
32:2 ft./sec./sec. 
7 = 31416. 


N = cycles per second. 
S = stroke in feet. 

Then with a four-cylinder engine whose 
reciprocating parts, 1.e. piston, gudgeon pin, and 
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rod head, weigh 2 Ib. each set, 8 Ib. in all, with 
a stroke of 4 in., connecting rod 8 in. centres, 
ata speed of 3,000 rev. per min., i.e. 6,000 cycles 
of reciprocation or 100 per second, the secondary 


stroke is 74; = fin. = 4; ft. 

8 X 2 X 9°86 X I00 X I00 
48 X 32:2 

approx. = 1,000 lb., which is alternately lifting 


the engine and pressing it down, twice per 
revolution. 


Ona three-cylinder engine, made as shown 
in full lines (Fig. 21), there is no vertical 


Force = 
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displacement of the piston centre of gravity, so 
no unbalanced vertical secondary force, but — 
there is a decided couple, so that if another half 
engine is added, as shown dotted (Fig. 21), the 
couple will be balanced by mirror analogy. 

There are several ways the cylinders in such 
an engine can be fired to give even turning, but 
it is generally arranged that two adjacent 
cylinders shall not fire in succession. 

The elimination, by the use of additional 
cylinders, of unbalanced forces, has been very 
marked recently. 

The increased length of crankshafts resulting 
from the increased number of cylinders has given _ 
rise to troubles from the shafts twisting slightly 
and vibrating torsionally whilst rotating, that 
is, the fly-wheel revolves uniformly, but the — 
front crank moves at varying speeds during its 
rotation. This produces violent reversals of 
load on connecting rod bearings, and is known as 
“thrashing.” Stiffness by increasing diameters 
and web dimensions is the only real preventive, 
but several cars are fitted with a damper to 
prevent such vibrations becoming serious. 

Crankshafts are arranged in many ways in 
their bearings. Some have a bearing between 
each pair of cranks, some have three bearings in 
four-cylinder engines, some five, some few only 
two, generally roller or ball in such cases. For 
six-cylinder engines four and seven are the com- 
mon types. Some makers fit balance weights 
to each individual web to relieve the shaft 
of the bending caused by the centrifugal forces 
on the crank pins. Some makers have bored 
out the pins and journals of the crankshatts, 
but this practice is now almost in disuse, the 
webs will not stand the removal of the metal 
and the general adoption of the drilled crank- 
shaft for oil distribution has necessitated the 
fitting of oil-tight plugs in all the drilled holes, 
so that the cost is prohibitive and saving in 
weight very slight. 

Crankshafts are usually balanced by revolving 
at a high speed, and noting the part which is 
out of balance, putty is added till balance is 
obtained and metal is removed from the 
opposite side to the putty, the weight removed — 
being calculated from the weight and position 
of the putty. 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLacnian anv C., A. OrtTo 


LESSON X 


DIFFERENT TYPES OF 
PATTERNS—(contd.) 


WE shall now consider a double bend of a 
different type from that already described. 
Each flange is parallel with the centre line of 
the straight pipe. Figs. 38 and 39 explain the 


method of construction. If such a pipe were 
only 3in. or 4in. diameter, a solid pattern 
could be more quickly made than a skeleton. 
Whether the solid or skeleton method is adopted, 
however, the pattern will be jointed in the same 
way. In Fig. 40 a vertical section of the mould 
is shown, and the moulder would make this 
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joint on the line AB. The chief difficulty with 
which he would have to contend would be in 
getting out the half-flange underneath the bend, 
and provision would have to be made for this 
in making the pattern. 

It is often profitable to make valve-chest 
bodies by the skeleton method. Large globe 
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valves, for instance, lend themselves to it, if 
only one or two castings are required. A solid 
pattern for a large globe valve is very expen- 
sive, owing to the shape, which is not very 
easily made either by the segmental or the 
lagging method of construction. 


In making a skeleton pattern for a large globe 
valve, there is a choice of several methods. 
The most common is, perhaps, that shown in 
Fig. 41. Joint-plates or frames are made, and 
cross-section pieces screwed to them, 2 in. or 
3in. apart. This is a satisfactory pattern up 
toa point, but a great disadvantage is that there 
is nothing binding the section pieces on top. 
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This objection is sometimes overcome by fitting 
strips of timber between the various section 
pieces. This ensures strength, but it is rather 
a slow process. There is the further objection 
to this method that each section piece has to 
be drawn separately and finished by hand, 
instead of being drawn from a template and 
shaped at the sand-papering machine. The 
lagging principle is the most satisfactory for 
globe valves. Fig. 42 shows a medium-sized 
valve made in this way. Joint-plates may or 


may not be used. If they are used, they form 
building-plates for the grounds. While this 
form of construction makes a good pattern, and 
one which can be very quickly made, it is not 
suitable for the largest size of valves, because 
of the width of the longitudinal section pieces. 
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at the centre; at the ends the width should be 
at least an inch. 

In Fig. 43 is shown what is undoubtedly the 
best method of constructing a large globe valve 
pattern. This is a method which is equally 
suitable for a solid or skeleton pattern, and it 
has the great merit of being economical in 
timber. A stay, as shown, is usually inserted 
at the joint to bind the grounds together. The 


FIG. 43 ° 


grounds, either one thickness or two thicknesses 
crossed, should be at least 2in. thick. The 
section pieces can very conveniently be finished 
off from a template. It is much better to screw 
the section pieces to the grounds than to nail 
them, as is sometimes done. 

Pattern Plates. In small work, the use of a 
pattern plate is essential to cope with the need 
for rapid production and the reduction of costs. 
The plate is invaluable when the moulds are 
prepared by hand, but foundries that make a 
speciality of repetition work invariably use 
machines because the rate of production is con- 
siderably increased. The special advantage of 
pattern plates is the cutting out of tool opera- 
tions that would otherwise be involved in the 
preparation of each mould. With a proper 
pattern plate, no tooling whatever should be 
necessary. 

The plates upon which the patterns are fixed 
may be of wood or metal, or, instead of locating 
the separate patterns, a cast plate may be pre- 
pared with the patterns cast in position. Many 
foundries use wood plates for small work. They 
are made to standard dimensions, according to 
the sizes of the boxes to be used, and have 
wrought-iron dowel plates set in to suit the box 
pins. An illustration of a suitable wood plate 
is shown in Fig. 44. Wood plates, besides being 
suitable for flat joints, can be cut or have 
pieces attached to modify the joint to the 
requirements of the work. Generally, for flat- 
jointed work, standard cast-iron plates are made 
and machined all over, to which patterns can be 
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attached. Both these types of plates need to 
be very carefully lined off, so that the patterns 
may be set accurately upon them to ensure a 
correct junction, when the drag and cope are 
placed together for casting. The patterns to be 
fixed to these plates may be of wood or metal. 

When the work to be done is symmetrical and 
each box part carries half the mould, or when 
the whole of the mould can be prepared in the 
drag necessitating a flat cover, only one side 
of the plate needs to be used. In the former 
case, the accurate setting of the half patterns 
is essential, because both cope and drag impres- 
sions are made from the same side, and they 
must coincide and form the complete mould 
when brought together. To do this success- 
fully, all plates should have centre lines scribed 
on them. When the design of the required 
castings is such that both sides of the plate are 
necessary, it is generally referred to as a double- 
sided pattern plate. In this case the pattern 
sections need to be directly opposite to each 
other, so that if projected through the plate 
they would accurately coincide. By drilling 
holes through the patterns, the pattern sections 
can be located and fixed on one side, to enable 
the plate to be drilled, the holes corresponding 
with those through the patterns. The use of 
neatly fitting pins will ensure accuracy in loca- 
ting the corresponding halves of the patterns 
on the other side of the plate. - 

Cast Pattern Plates. Many pattern plates are 
cast along with the patterns as one piece, either 
in the form of a double-sided or match plate, 
when each side is used for the cope and drag 
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respectively, or as a reversible plate, when the 
patterns are carried on one side only, from 
which both impressions are madé. The im- 
pressions in this latter form are reversed when 
assembled for casting. In making this form of 
plate, a suitable box larger than the outside 
dimensions of the required plate is procured, and 
the mould prepared from the patterns in the 
usual way, greater care, however, being taken 
to give a very fine surface. Special attention 
must be given to venting. The runners are 
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cut in the manner experience proves to be best 
for the work in hand. A gate and riser should 
_ be prepared for casting the plate. When the 
pattern moulds are ready, a pattern of the 
plate is located on the drag and inside the box 
part. The shape of this plate will depend upon 
the manner in which subsequent moulds are to 
be made, whether by hand or machine. For 
the former, convenient handles are frequently 
cast on, while a plain rectangular plate is more 
common for machine use. The thickness of the 


Fig. 45 


plate varies, according to its size, from 4 in. to 
din. When sand has been made up to the 
thickness of this plate, as in Fig. 45, and runners 
made, the plate is removed and the mould 
closed. It must be very carefully clamped 
before being cast. This type of cast plate 
may be made of cast iron, brass or aluminium, 
and pin holes are usually drilled to suit the 
boxes that are to be used. Many white metal 
or composition plates are made, however, and, 
for these, specially prepared frames are used 
which become part of the plate. ; 

Reversible Match Plates. The reversible 
match plate necessitates some form of jig. As 
the shapes for both drag and cope are required 
on one side, it isnecessary to prepare the moulds 
from the master patterns in such a way that 
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they can be placed together to form the drag of 
the plate mould, or partitioned so that each can 
be cast separately. The former method is 
suitable for a solid cast plate, and special boxes 
are necessary. A suitable box is illustrated in 
Fig. 46, the drag of which is prepared in two equal 
parts, and flanged at the joint for bolting or 
clamping together. The joint requires to be 
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machined. It will be noticed that besides the 
pins and pin holes for registering the box parts 
as shown, the drag carries separate pin holes 
for introducing laose pins. With this form of 
box the drag is, in the first place, separated, and 
a blank side secured to each part. These then 
form the two parts for a separate box in which 
the mould can be made. Room is required 
about three sides properly to enclose the size 
of plate with which the patterns are required to 
be cast. When the mould has been completed, 
the blank ends are removed and the two parts 
again secured to form the drag for the plate 
mould; then the thickness of plate is made up 
in the same way as in the previous instance. A 
flat cope is prepared on a ramming board to 
cover the drag. 
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MACHINE TOOLS 


By JoserH G. Horner, A.M.I.MEcu.E. 


LESSON XVI 
BROACHING MACHINES 


THESE are an amplification of the key seating 
machines that forty years ago invaded the 
province of the slotting machines. The 
machines, designed in the first place for cutting 
key grooves only in bosses with a long serrated 
tool bar moving horizontally, or vertically, 
proved so valuable that other sections besides 
were soon attacked with suitable tools. From 
these, the broaching machines, more powerful, 
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with much extended utilities and wider applica- 
_ tions have been developed. They are of hori~ 
zontal design, since that is capable of admitting 
much greater lengths of travel of the broach 
than the vertical. 

Hand broaches have always been used, driven 
with hammer blows to finish holes of square 
and other sections that have been roughed with 
drills, chisels, and files. Broaches have the same 
sections as their holes, and they cut with serra- 
tions disposed like the teeth of files, but very 
coarsely pitched. If a tool of this class is 
greatly extended in length, and operated with 
power mechanism the germ of the broaching 
machine is apparent. But the way of develop- 
ment was prepared slowly by the intermediate 
forms, the key seaters. Deep key seating on the 
slotting machines was never satisfactory, either 
from the aspect of accuracy, or economy. The 


overhanging tool springs aside laterally, or back- 
wards under heavy cutting, so that the key 
grooves generally require some correction with 
the file. For tapered key grooves, the table 
has to be tilted or wedge packings inserted. 
Several cuts are necessary to feed into the depth. 
There is no relief on the upward return stroke, 
but the tool drags. The diameter of the work 
that can be taken is limited by the distance 
between the tool and the framing. Hence, 
many keyways in large wheels have to be cut 
with chisel and file. And articles in quantity 
must be set, each separately on the table by 
tentative measurements. 

The key seating machines are open to none 
of these objections, and they are made and used 
extensively in vertical and horizontal designs. 
The work is supported on a table, or against a 
plate through which the cutter bar is recipro- 
cated. The space for work is not limited by 
the interposition of a framing. The cutters 
used are of two classes—the serrated, Fig. 108, 
having the teeth A gradually increasing in 
depth in the holder B, so that a groove is formed 
in a single travel of the tool, and the single- 
edged tool, Fig. 109, clamped in a bar, and then 
reciprocated, in several successive cuts, feed 
being given to the work or to the tool. No 
marking out of the key groove is necessary, as 
for the slotting machines, but measurements are 
set by the mechanisms. A great recommenda- 
tion of the method is, that work is set and 
centred by the bore, bores of different sizes 
being accommodated by the fitting of loose 
bushes -to the cutter bar. Other work is done 
in these machines, cutting rack teeth included, 
Fig. 110, and work of large.dimensions, all lead- 
ing the way to the more massive broaching 
machines, with their much extended utilities. 

Broaching Mechanism. The work to be 
tooled abuts against a vertical face plate, 
directly, or is. mounted in a fixture specially 
designed to hold it. The tool is drawn along 
through it with a screw travelled with a rotat- 
ing nut driven through gears from a belt 
pulley, with quick return ; or a motor is used. 
The length of stroke may range from 21 in. to 
8ft. in the smallest and largest machines, 
respectively. Cutting speeds may range from 
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Ig to 45in. per minute, and rates of return 
from 18 to 50 ft. per minute. There are great 
differences in the designs of different makers. 
Hydraulically operated machines are built, but 
the belt or motor driven geared design is more 
common, with many variations in the working 
out of details. A brake may be incorporated 
to arrest the movement of the screw and prevent 
it from overrunning when the belt is, thrown 
over between fast and loose pulleys, or an 
operating clutch pulled. Double machines are 
built in which the loss of time of the return 
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stroke is minimized by mounting two heads side 
by side, so that when one is cutting the other is 
returning. 

An Example. Fig. 111 is a photograph of 
one of the broaching machines by Smith & 
Coventry, Ltd., of Manchester, with a stroke of 
60 in., a cutting speed of 48 in. per minute, and 
a return speed of 240in. per minute. The 
machine is belt driven, with fast and loose 
-pulleys making 650 r.p.m. External views, 
combined with sections, are given on the plate 
facing page I000. 

The bed is cast in one piece with a solid 
bottom to form a trough. Slideways on the 
inner sides of the bed control the reciprocations 
of the ram. The operating mechanism is 
enclosed in the box at the pulley end of the 
bed. - The tube seen extending from the bed 
protects the end of the screw when in the 
reverse position, and the attendant from 
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accident. The cutting and reverse strokes of the 
ram are actuated by large and small gears, the 
first for cutting, the second for reverse, rotating 
the phosphor bronze nut that encircles and 
operates the ram screw. These gears run 
loosely, but are put into mesh with intermediate 
gears—compare with the end view to the 
right—that connect to the first motion shaft 
with a sliding clutch keyed to the operating 
nut. The clutch is claw-connected to the large 
wheel, and cone-connected to the smaller one. 
To engage these clutches, the wheels are moved 
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along their bearing on the main sleeve, and so 
sliding together, the movement in one direc- 
tion, to the right engages the claw clutch for 
the pulling stroke, and that to the left, the 
friction cone clutch for the return stroke. 
Sliding key engagements are thus avoided, 
These movements are effected by a lever, seen 
outside the bed in Fig. 111, towards the left. 
The connecting mechanism is shown enlarged 
in Fig. 113. The lever actuates a horizontal 
link that extends to a lever that moves the 
sliding clutch. The locking mechanism should 
be noticed in Fig. 113. The lever is shown in 
full lines when in the “ stop”’ position where 
neither clutch is engaged, and is thus held with 
spring pins thrust against bevelled edges on an 
extension of the pivoting lever socket. It is 
similarly held in the “cut” and “return” 
positions by the action of the spring pins. The 
stroke is arrested at any portion of its length by 
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means of the adjustable dogs seen on the rod 
alongside the rear of the machine. 

The work is attached to the vertical face of 
a table at the left-hand end of the machine, 
seen in Fig. 112, enlarged in Fig. 114. It has 
milled tee slots for bolts for attaching fixtures, 
guides, or broach supports. It has a hole large 
enough to allow the chuck that grips the broaches 
to be brought nearly flush with the face of the 
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from the left-hand end of the pulley shaft, 
with provision for adjusting the tension of the 
belt. A tray beneath the end plate receives. 
the drip, that runs into a tank at the foot of the 
machine, to be pumped again. The lubricating 
arrangements are ample. All the running 
mechanism is contained in an oil bath casing 
with suitable drips over important lubricating 
sections. The circulating pump is enclosed, in 
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table, so that a minimum portion of the length 
of the broach is occupied by the shank, and the 
largest portion left for cutting. The hole is 
counterbored to receive cast-iron discs with 
holes to suit the broaches used, or fixtures held 
with a turned shank. The left-hand end of the 
broach is gripped in a chuck seen in the upper 
part of Fig. 113, the head of which slides in the 
bed. The chuck grips with collets closing in a 
shallow neck in the shank of the broach, so 
saving time and avoiding cotter holes. The 
collets are operated with the vertical lever seen 
on the sliding head in Fig. 113. 

The pump that supplies cooling liquid to the 
cutter is seen in Fig. 112, driven with a chain 
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the gearbox. It delivers lubricant through the 
cutting stroke only. It is of the plunger type, 
and is operated with a jJever, cam bowl, and 
eccentric cam. The design provides for throw- 
ing the pump out of action on the return stroke. 

Tools and Operations. The broach is now a 
high-class tool, made of high speed steel, some- 
times of chrome nickel alloy, in lengths fre- 
quently of from 3 to 4 ft., and, in exceptional 
cases, up to 6ft. long. The rate of feed is 
varied with materials, and with the pitch of the 
teeth. A rapid feed with a fine pitch will wear 
the teeth rapidly, and impart a rough finish to 
the hole, while too fine a feed will cause rubbing 
in the hole when the edges become dulled. The 
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thickness of chip depends on the feed. An 
average is 0-001 in., increased to 0-005 in. It 
follows that much attention is given to the 
spacing of the teeth, and to their shapes. A 
coarse pitch is required for hard and tough 
materials and for long holes, to give ample 
chip space. This is also favoured by deepening 
the teeth to prevent pulverizing of the chips. 
To render the severance of the chips easier, the 
teeth are sometimes notched, a device which is 
familiar ‘in some other tools. The sectional 
forms of the teeth resemble those of saws or 
milling cutters. An operation may be divided 
between two, or more tools—roughing and 

’ finishing, but these are as commonly embodied 

“in a single broach—the teeth in the front 
roughing, those in the rear finishing. And 
these are sometimes detachable to be replaced 
as they wear, since it is necessary to preserve 
dimensions within limits. 

A remarkable feature of broaching is that it 
is used extensively for finishing round holes 
instead of boring them. They work within fine 
limits and preserve their dimensions. One of 
these, 40in. long, is shown by Fig. 115. A 
section shows the notches in the teeth, which 
are spaced alternately in adjacent teeth, except 
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in the last three teeth, which, finishing, are left 
plain. The longitudinal sections of the teeth 
are shown in the enlarged profile view. The 
tool roughs and finishes to limits. The work is 
divided between four sections, separated with 
plain guide portions, the first three sections 


roughing, the last one finishing. The guiding. 


portions are ground to 0:0005 in. smaller than 
the preceding teeth. The diameters at the 
locations lettered are: At A, 2°6105in., at 
B, 2-615 in., at C, 2:6195in., at D, 2-624 in., 
and at EH, 2:625in. Holes are prepared by 
drilling to within =), in. or 74; in. of the finished 
size. 

The versatility of the broach is surprising. 
Spiral grooves are cut with it. Gear teeth on 
rings, and ratchets are cut. Internal teeth on 
small rings are cut in one operation, those of 
larger dimensions are bolted to a revolving 
index ring. Several may be held in a fixture and 
cut simultaneously. A great fillip has been 
given to broaching methods by the employment 
of splined gears, the grooves in the bosses being 
broached. Rifled grooves have been produced 
in this way in guns. Holes in spanners are 
broached, and in parts of small arms, and other 
mechanisms. 
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By James KNOWLES 


LESSON VI 
THE CRUCIBLE PROCESS 


THE cementation process, described in the 
previous lesson, is the oldest method of steel 
making practised at the present time. Despite 
the greatest care and skill in the manufacture 
of blister steel, the selection of the cement bars 
and subsequent welding operations, however, 
a certain lack of homogeneity is frequently 
encountered. It was this lack of uniformity 
in the quality of the blister steel springs he was 
compelled to use that induced Benjamin 
Huntsman, a Sheffield watchmaker, to seek 
some. means of eliminating this source of 
inconvenience. So successful were his efforts 
that, in 1740, he invented the crucible process, 
which is still worked on a considerable scale. 
64—(5462) 
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In so far as blister and shear steels, as such, 
have never been in the fluid state they may be 
termed steels of plastic origin. The crucible 
process, on the other hand, consists essentially 
of mixing and melting dissimilar materials to 
obtain a desired and homogeneous product. 
Such reactions as occur during melting are 
metallurgically unimportant, there being no 
refining or removal of impurities, except, per- 
haps, the elimination. of involved slag. Hence, 
for the production of high-class steels for 
cutting purposes, only the purest materials can 
be used, for, although poor steel can be made 
from good ingredients, really good steel cannot 
be produced from inferior materials. 

The best of these are imported from Sweden 
in the form of white pig and bar iron. Although 
a good proportion of Swedish Lancashire iron 
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is used, the majority of Sheffield crucible steel 
manufacturers pin their faith to Walloon iron, 
notwithstanding its relatively high price. Vir- 
tues are claimed for it of which chemical analysis, 
at least, does not point to its possessing a 
. monopoly, but, so definite are they in this 

- preference that some sound reason for it must 
exist. This probably lies in the fact that the 
pig-iron for the Walloon process is made from 
Dannemora ores which are carefully com- 
pounded before charging into the blast furnace 
and worked on cold blast. 

The Melting Hole. A crucible melting shop 
consists of a series of melting holes ranged down 
one, two, or three sides of the building, the 
centre being left clear for casting operations. 


Loose Bricks 


Fic. 6. DIAGRAM SHOWING THE ESSENTIAL 
FEATURES OF A COKE-FIRED CRUCIBLE 
MELTING HOLE IN A SECTIONAL 
ELEVATION 


An individual melting hole is a cubical, fire- 
brick chamber round which gannister is rammed 
to shape the interior plan to a rough oval with 
the major axis running towards the chimney 
stack. The top of the hole is on a level with 
the shop floor and, during melting, is covered 
by an iron frame inset with firebrick. Each 
hole accomodates two crucibles (or “ pots ”’) 
and, being separately connected to the chimney 
by a flue, is a distinct unit. Thus, any number 
of holes may be worked and many different 
“tempers ”’ melted at the.same time. Beneath 
the grate bars of the hole is an ash pit opening into 
the cellar—also connected to the stack by a flue. 

The fuel used is specially selected coke which 
is broken by hand and carried to the holes in 
baskets for the fires, which are built up round 
the pots to lid level. The heat of the furnace 
is regulated by the simple expedient of placing 
bricks in the cellar hole flue, or covering it with 
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a sheet of paper. Primitive as these means of 
draught regulation may appear, it is none the 
less a fact that perfect temperature control is 
established by their skilful employment. The 
individual pots can also be “ checked’’ or 
“brought on” by slightly raising the cover 
frame at the back or front as desired. 

Crucibles. Pots may be composed of plum- 
bago, graphite, or “white clay,’? the last 
named being almost universally used in this 
country. “ White” clay is but a name used 
for purposes of distinction. No single clay has 
all the requisite properties and therefore a mix- 
ture of several, determined by experience and 
regarded as a secret, is used along with a propor- 
tion of ground coke. This coke, whilst in a 
fine state of division, is not quite dust, and is 
an essential ingredient serving a purpose akin 
to the lattice bars in ferro-concrete. A good 
mixture for ordinary purposes is composed as 
under— 


Derby clay ; : . 48 per cent 
Stannington ~ Z 2 25 As 
China . 3 : eR 6. 6 
Coke = 5 = 5 a. 5 


The crucibles are made by hand on the 
plant, and it is much regretted that space will 
not permit of a description of the process of 
manufacture—a very important adjunct of the 
practice. . 

Melting the Steel. The necessary employ- 
ment of a centring pin in the moulding of the 
hand-made pots results in a hole in the base 
which must obviously be filled. The crucibles 
are accordingly cemented on to stands, when 
in the furnace, by means of special sand thrown 
into them to a depth of about 2in. This, at 
furnace temperatures frits and sets hard, and 
thus makes good the base of the pot. 

Two clay stands are fixed in each hole and 
live coals thrown around them. The stands, 
having been cleaned of cinders, the pots are 
placed upon them and are carefully fired with 
coke up to the level of the tops. When a 
suitable temperature has been attained the 
sanding is effected, great care being taken that 
no coke finds its way into a pot meanwhile. 
A poker test having shown that the bottoms ~ 
are in good condition, steeling is commenced. 
Cut pieces of Swedish iron and blister bars are 
first charged, followed by pig-iron and alloys if 
desired. The steeling is effected by means of an 
iron funnel, the lower end of which exactly fits 
the mouth of the crucibles, and the charge is 
distributed, and its fall broken, by a long 
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poker. The lids are then put on and another 
fire added. A fire usually lasts about three- 
quarters of an hour and, for high carbon steels, 
three are usually sufficient, but the duration of 
melting also depends on other factors, notably 
the weight charged and alloys used. Before a 
fire is applied the remains of its predecessor are 
worked down with the poker. The third and 
final charge of coke is known as the hilling fire, 
after which the steel is dead melted. The 


crucible is pulled out with special tongs, the lid © 


removed and the top of the steel cleared of 
slag. The teemer, with his tongs, then takes 
the pot and feems its contents into the previ- 
ously prepared ingot mould. 
~ Killing. An important digression must now 
be made. It will be remembered that cement 
bars contain a large volume of occluded gases. 
If a charge of such material were melted and 
-teemed into an ingot mould these gases would 
cause the metal to boil over the top of the mould, 
and any steel remaining therein would be 
_ simply riddled with blow holes. The art in 
melting is to eliminate the gases and so obtain 
sound ingots. Either of two methods may be 
employed— 
- I. Two fires are usually sufficient to get the 
steel quite fluid, the third or killing fire really 
achieves a boiling off of the gases in the steel 
owing to the high temperature, aided by added 
manganese. This, uniting with the oxygen, 
forms manganous oxide which, reacting with 
the silica in the pot walls, causes a precipita- 
tion of silicon in the boiling metal and, by a 
complicated chemical reaction, eliminates the 
hydrogen and nitrogen. The steel is said to be 
dead melted when the boiling action ceases. 

2. The killing action of aluminium is possibly 
the most remarkable in steel metallurgy. If, to 
a clear melted steel, a few hundredths per cent 
of metallic aluminium is added, an ingot can 
be teemed immediately and will be found 
absolutely free from blow holes and unsoundness. 
But the use of aluminium brings another trouble- 
some phenomenon in its wake. 

In high carbon and large ingots the centre 
remains liquid for a considerable time after the 
sides, aided by the chilling action of the mould, 
have solidified. The external dimensions of the 
ingot being thus fixed, internal cavities must 
obviously be formed by contraction as cooling 
proceeds. The net result, in the cold ingot, is 
a funnel shaped cavity at the top, which is 
known as a “pipe.” Precautions taken to 
reduce this usually entail the use of a preheated 
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fire-clay feeder head, or “‘ dozzle,’’ which, con- 
taining about 2 lb. of molten steel, allows a 
cavity to be made good as soon as it is 
formed. 

Ingot Moulds. Ingot moulds are made of 
hematite iron’ in two tongued and grooved 
portions which, during casting, are clamped 
together by rings and wedges. Previous to a 
cast the interior surfaces of the moulds are 
scoured with hard coke, rubbed over with a rag 
and “reeked” by placing them, inside down, 
over the smoky flame of burning creosote. This 
deposits a coat of soot upon them and obvi- 
ates any sticking of the ingot to the mould. 
Crucible steel ingots are usually 3 to 4 inches 
square, and 56 to 72 lb. in weight ; if required 
larger two teemers, working alternately, main- 
tain a constant stream of molten steel until 
casting is complete. In this way ingots of over 
2 tons in weight are regularly produced. 

Gas-fired Furnaces. Modern developments in 
the crucible process have tended towards the 
adoption of gas firing. In such plants the 
melting chambers are built to accommodate 
about twelve pots each and are heated by pro- 
ducer gas burnt with preheated (regenerated) 
air. The big advantage of this system is the 
prevention of sulphur absorption from the coke, 
but the absolute temperature control over the 
individual crucibles, obtaining in the old 
method, cannot be achieved. Hence, only 
similar tempers can be melted in the same 
hole. 

Methods of Manufacture. These, in conclu- 
sion, may be classified as follows— 

t. Converted bars selected on carbon con- 
tents, melted and killed. 

2. Swedish bar iron (which is almost carbon- 
less), plus a calculated amount of charcoal to 
add the necessary carbon. 

3. Swedish bar iron, plus Swedish white pig 
which gives the desired carbon to the charge. 

4. Low carbon acid open hearth, or Bessemer 
steel scrap, plus Swedish white pig. 

Charges are usually calculated so as to include 
about 15 per cent of crucible ingot scrap of 
similar carbon content to that of the steel 
desired. 

The last mentioned (4) method is for cheap 
qualities only. It is by his rigid adherence to 
the use of pure base materials, plus good cru- 
cible steel scrap, that the Sheffield steel maker 
has built up his reputation and, by sheer purity 
of product, is enabled, time and time again, “ to 
beat the tariff.” 
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GAS ENGINES AND.PRODUCERS 


By ARNOLD Rimmer, B.EnG. 


LESSON IX 
IGNITION 


VaRIOuS methods of ignition have been applied 
to gas engines, and may be divided broadly into 
three classes, viz.— 


(a) Flame. 

(6) Hot tube. 

(c) Electrical. 

FLAME IGNITION 

A small portion of gas, ignited from an 
external source, was carried while still burning, 
in a valve or slide and brought opposite a port 
communicating with the cylinder, thus igniting 
the main charge. This method, fitted on most 
of the early engines, became obsolete when the 
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Fic. 46. Hot-tusBe IGniTIon GEAR 
(NATIONAL) 


slide was found impracticable with the use of 
higher compression pressures. 


Hot Tuse IGNITION 


A tube of refractory material such as iron, por- 
celain, or nickel, surrounded by a suitable screen 
or guard lined with asbestos, is maintained 
at a bright red heat by a small Bunsen 


gas flame. The mixture, when compressed, is 
forced towards the inside of the tube. The 
instant of ignition is controlled by— 

(a2) Placing the tube at such a distance from 
the cylinder that the flame just reaches the 
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latter when the piston is at the inner dead centre 
position. 

(6) Fitting a mechanically operated “ ignition 
valve’ between the tube and the cylinder. 

Cleanliness of the connecting passages and of 
the ignition valve, if fitted, is essential~ for 
successful working. 

The arrangement as fitted on small National 
engines is shown in Fig. 46. 

At the correct moment the cam allows the 
lever A to move downwards, and the valve: B, 
by means of a strong external spring, opens the 
passage E leading to the cylinder. Compressed 
gases rush into the hot tube C, and the result- 
ing ignition is communicated to the cylinder 
contents. To ensure this action when the con- 


LA \ Ignition Wire Terminal 
(Fitting on Fixed Terminal.) 


Fic. 48. Low-TENSION SPARKING PLUG 
(PREMIER) 


necting passages are somewhat long, an adjust- 
able vent tube F and hollow plug G are pro- 
vided, into which the burnt gases left in the 
passages from the previous explosion may be 
compressed, while the small relief valve D 
allows the charge to still reach the interior of 
the tube when the compression is.reduced at 
starting. 
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ELECTRICAL IGNITION 
Methods of electrical ignition (which is 
practically universal on modern engines) may 
be divided into two main classes, viz.— 


1. Low-tension, 
2. High-tension. 


A low-tension spark is produced when an 
electrical circuit is broken suddenly, even 


Fic. 49. Low-TENSION SPARKING PLUG 
(CROSSLEY) 


though the “ pressure’ on the same is only a 
few volts. A high-tension spark, however, is 
one that*will actually ‘‘ jump ”’ across a small 
gap in an otherwise complete circuit, 
and this requires a pressure of 2,000 
to 5,000 volts, depending on the size 
of the gap, etc. 

Low-tension Ignition. The current 
required for this system is usually 
derived from a ‘“‘ magneto,’”’ which 
consists of two or more permanent 
magnets of horseshoe shape, fitted 
with pole pieces, between which, of 
course, there exists a ‘‘ magnetic 
field.” Mounted concentric with 
these pole pieces is an armature of H 
section, on which a coil of wire is 
wound parallel to the axis. 

When the armature is in the posi- 
_ tion shown in Fig. 47 (a), practically 
all the magnetic “lines of force” 
pass through the armature core. In 
moving through position (b) the arma- 
ture winding cuts across these lines of 
force and a current is induced in it. 
This effect will be a maximum if the 
armature moves to position (c). (It 
will, of course, be understood that the actual 
magnetic field is here represented by only one 
or two lines of force.) 
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The ignition plug consists of a cast-iron body, 
usually making a ground joint with the breech 
end of the cylinder. It is held in position by 
clips or other suitable means. Through it pass 
two metallic spindles or “‘ electrodes.” One of 
these is fixed and is in electrical connection with 
the armature winding of the magneto, but is 
insulated from the body of the plug by mica 
washers and bushes which also form a gas-tight 
joint. The other electrode is movable and has 
a small hammer head (generally of nickel steel) 
at the inner end which is normally in contact 


Fic. 50. Low-TENSION MAGNETO 
IGNITION 


with the fixed electrode. The other end carries 
a‘‘tappet lever. In Fig. 48 is shown a section 
of the “ Premier’’ ignition plug, while that 


? 


Fic. 51. Low-TENsIoN MAGNETO IGNITION (NATIONAL) 


manufactured by Messrs. Crossley, Bros., Ltd., 
is illustrated in Fig. 49 
A tripping device operated from the camshaft 
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causes the magneto armature to be deflected 
through an angle of 20-30° from its normal 
position. It is then released suddenly, and one 
or more coil springs cause its rapid return. 
A current is thus generated, which passes 
to the sparking plug, and at the 


same 
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comparatively thick wire, and a “ secondary,” 
consisting of a large number of turns of much 
thinner wire. The making and breaking of 
the primary current at regular intervals causes 
a current of very high voltage to be induced in 
the secondary winding, and this passes across 


Firing Point 
Adjustment 
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instant the tappet lever on the same _ is 
operated. This causes the separation of the 
inner ends of the two electrodes and a spark is 
drawn out across the gap thus formed. The 
action is illustrated in diagrammatic form in 
Fig. 50 

The low-tension magneto ignition as fitted 
on horizontal National engines is shown in 
Fig. 51, and the arrangement on the Premier 
multi-cylinder engines, in Fig. 52. 

High-tension Ignition. This may be effected 

(a) Battery and induction coil, 

(6) High-tension magneto. 

In both cases there are two windings, a 

primary,” consisting of a few turns of 


Low-TENSION MAGNETO IGNITION 


TN Packir 
NN Ss INS 
NNT IINN 
NOICN 
Nafless 

UII. Nickel 


Itc. 53. HIGH-TENSION 
' SPARKING PLUG 


the small gap between the “ points” of the- 
sparking plug (Fig. 53). 

Battery and Coil Ignition. This is illustrated 
in diagrammatic form in Fig. 54. 

A fibre disc F is mounted on the engine 
camshaft, and has let into its edge a brass 
segment which is in electrical communication 
with the camshaft. The switch S being closed, 
the primary circuit is completed during the 
time the segment is passing under the contact 
piece P. This results, of course, in an action 
similar to the ordinary electric bell, the primary 
circuit being repeatedly made and broken 
through the medium of the trembler T and 
contact screw R. Thus a series of high-tension 
currents are induced in the secondary winding, 
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and a shower of sparks passed at the plug, the (described in Lesson VII) the current from low- 
circuit being completed through the engine tension magnetos, which, in this case, have a 
frame. 

The condenser C, fitted across the contact 
screw connections, strengthens the electrical 
action of the coil and prevents excessive spark- 


Fic. 54. Battery AND Coit IGNITION 
Fic. 56. LopGre IGNITION SYSTEM 


ing when the primary circuit is broken. The 

contact piece P is attached to an insulated rotary drive (Fig. 55), is passed through coils 
arm movable about the camshaft, and the to give a high-tension spark. 

point of ignition can be adjusted at will. Lodge Ignition. This is a special form of 

On the National vertical tandem engines battery and coil ignition due to Sir Oliver 
Lodge, F.R.S. Itisillustrated in 
diagrammatic form in Fig. 56. 

There is the usual coil and 
low-tension contact maker on 
the engine, but the high-tension 
terminals are connected to the 
sparking plug through a pair of 
Leyden jars, the outer coatings 
of which are short-circuited by 
a ‘“‘leak’’ or imperfect con- 
ductor, such as damp wadding 
in a hermetically sealed glass 
tube. 

A “pioneer ’’ spark gap (kept 
clean by being under glass) is 
provided at A. Rather than 
jump this gap, however, the 
induced high-tension current 
first flows into the Leyden jars, 
the leakage path keeping the 
outer coatings at the same 
potential. The capacity of the 
jars being small, however, they 
almost immediately discharge 
through the gap A and around 
the circuit of the sparking 
plug with a “rush of incon- 
ceivable rapidity.” The leak- 
age path has no time to exert 
any influence; any dirt, etc., 


Fic. 55. MaGneto Drive (NATIONAL VERTICAL 
TANDEM ENGINES) 
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in the path of the spark is flung aside and in 
something like one millionth of a second, this 
“B”’ spark, as it is termed, has passed, though 


7. HIGH-TENSION MaGNETO IGNITION 
(CROSSLEY) 


this extremely short time is sufficient for it to 
Owing to 


ignite the mixture in the cylinder. 
“electrical momentum,’’ the 
B spark is actually of an 
oscillating nature, and dur- 
ing its discharge the coil 
takes no further part in the 
action. 

_ High-tension Magneto Igni- 
tion. The magneto used ‘in 
this system differs from the 
low-tension magneto chiefly 
in the armature, which now 
has primary and secondary 
windings. In addition, a 
“contact breaker” is fitted 
on one end. By means of 
the latter the primary cur- 
rent is automatically inter- 
rupted at the moment of its 
maximum intensity, and the 
induced high-tension current 
is collected by a carbon 
brush from a slip ring on the 
end of the armature and con- 
veyed to the sparking plug. 
The armature may be either 
oscillating or rotary, depend- 
ing chiefly on the speed of 
the engine. Such a rotary 
high-tension magneto (as 
manufactured by Messrs. 
Hill, Bros., Ltd., Bristol) is 
shown in Fig. 57, 

_ In this case it is mounted 
in line with the governor 
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shaft and the connection between the two 
is through an “impulse starter,” which is 
designed to overcome the difficulty of the weak 
spark given by the magneto at low speeds. By 
means of pawls actuated by a rotating cam the 
armature is held stationary for a brief period. 
It is then released suddenly and “ flicks over” 
rapidly (under the influence of a spiral spring 
which has been “‘ wound up”’ in the interval), | 
thus giving an intense, hot spark. As soon as 
the engine picks up speed, the pawls are thrown 
out of action by centrifugal force, and the driving 
mechanism and armature rotate as a single unit. 

In Fig. 58 is shown the arrangement of 
“ Wico’’ ignition gear as fitted on some of the 
smaller National engines. 

In this magneto the primary current is caused 
by the collapse of the magnetic lines of force, 
when the ‘‘ armature ” is pulled away from the 
magnet cores by the operation of the eccentric 
fitted on the side shaft. This primary current 

is interrupted by the opening of the 
breaker points, and the high-tension 
secondary current thereby induced 
passes to the sparking plug. 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy E. Rycrort, M.B.E., M.1.E.E. 


| LESSON VII 
MECHANICAL STOKERS 


MECHANICAL stoking is a natural development 
consequent on the great increase in the size of 
steam-raising plants, the need for securing a 
maximum economy from the fuel consumed, and 
the necessity for the prevention of smoke from 
our factory chimneys. 

The utility of hand-fired boilers is obviously 
limited by these considerations. 

If we consider the question of evaporative 
capacity it will be evident that the evaporation 
of a boiler depends on the amount of heat which 
can be liberated beneath it in a given time—in 
other words, the rate at which fuel can be 
delivered to the furnace and consumed. 

By long experience it was found that the 
practical limit of “ throw” of the average fire- 
man was approximately 7 ft., and, therefore, 
very few hand-fired furnaces exceeded this 
distance from front to back, The quantity of 
fuel which a man can be expected to handle over 
long periods does not exceed 15 cwt. per hour, 
so that very definite limits were imposed on the 
outputs of hand-fired plants by these factors. 

With mechanical firing there is no limit to 
the depth or width of the furnace and no limit 
to the amount of coal which can be fed into the 
furnace in a given time, beyond that imposed 
by the rate of combustion due to draught and 
temperature considerations. 

On the question of economy of fuel consump- 
tion, efficient combustion depends on a correct 
proportion of air being admitted to the furnace 
at the right time and in the right place. 

The even distribution of air through the fuel 
bed will obviously depend on an even thickness 
of fire being maintained, and for this to be 
ensured under hand-firing conditions a high 
degree of skill is called for from the operator. 

This not only involves placing each shovelful 
of fresh coal in exactly the right position on the 
fire-grate, but also very careful damper regula- 
tion during the process. Furthermore, the 
admission of a rush of cold air over the fire 
when the fire door is opened, which at times 
of heavy load may be as frequently as every 
five minutes, is in itself a source of inefficiency. 


In addition to this, the process of “ clinker- 
ing ” or removal of incombustible material every 
few hours all mitigates against the possibility 
of running a hand-fired plant at a maximum 
and continuous efficiency. 

With mechanical stoking, the fire bed can be 
automatically maintained at an even thickness 


Fic. 41. BRICKWORK SETTING FOR CHAIN 
GRATE STOKER 


Showing stoker jambs and ashpit 


11. Stoker rails 

12. Outside rail plate 

14. Stoker lintel 

15. Side arch plate support 


Stoker jambs 

lire inspection doors 
Stoker breast plate 
Stoker arch plate 
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for any length of time, the fire doors need never 
be opened, and a _ perfectly distributed air 
supply can be constantly and easily secured. 
Further than this, the process of clinkering 1s 
quite automatic and the temperature of the 
furnace can be maintained at a constant figure 
over very long and continuous periods. 

Dealing finally with the problem of smoke, 
this is directly caused by the gases given off 
from the coal under the influence of heat striking 
against the water-cooled furnace crown Or 
boiler tubes before they have reached a suffi- 
cient temperature to properly ignite and com- 
bust. This means that very small particles of 
carbon are carried away in the flue gases and 
are discharged from the chimney in the form of 
soot, 
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With mechanical stoking it is easily possible 
so to arrange the admission of air, the tempera- 
ture of the furnace, and the position at which 
ignition of the “ green” coal takes place, as to 
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ensure absolutely smokeless combustion at all 
times. 

There have been a large variety of devices 
for mechanical stoking, but the experience of 
time has now reduced practically all the designs 
to two main types, 


viz., “* Travelling 
Grates’”’ and “ Re- 
torts.” 
In the former Wormwhee! 


design a cast-iron 
endless band, com- 
posed of relatively 
small links or bars, 
and of the same 
width as the fur- 
nace, is carried on 
rollers and driving 
gear at back and 
front of the furnace. 

The fuel drops 
from a hopper on to the front end of the grate 
in the form of a ribbon of predetermined 
thickness, and ignites along its edge immedi- 
ately it enters the furnace through which it is 
carried, 

By the time the fuel reaches the back end, 
all combustible matter has been consumed, and 
only ash or clinker remains. This is automatically 


Long Worm 
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. deposited over the back end of the grate into 


an ash dump. 
Ignition is obtained and maintained by the 
provision of a firebrick arch extending for 
several feet over the front 
portion of the grate. This 
becomes incandescent after 
the furnace has been alight 
- for a short time, and raises 
the gases given off from 
the “ green”’ coal to a tem- 
perature high enough to 
ensure smokeless combus- 
tion. 
In the retort type of 
stoker the furnace is di- 
vided into sections, each 
retort being a few feet in 
width and sloping down- 
wards from front to back of 
the grate. 
Coal is introduced at the 
front end of each section 
into a channel or retort, 
and is pressed forward by 
a plunger or piston, auto- 
matically operated by a common crankshaft 
extending across the full width of the furnace 
with a connecting rod to each plunger, 

Once the grate is entirely covered with coal 
it will be noted that the fresh fuel is introduced 
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underneath the incandescent fire bed so that 
the volatiles have to pass through this mass of 
incandescence—often 2 ft. thick—and are thus 
sufficiently heated to prevent the formation of 
smoke. 

Air for combustion is introduced into the 
furnace under pressure through suitable open- 
ings in the grate bars. 
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By a regular movement of these grate bars 
the clinker is “ joggled’”’ to the back, and can 
be dumped whenever necessary. 

In addition to these two main types there are 
other designs, such as “sprinkler” stokers, 
which automatically shower the coal into the 
fire in imitation of hand shovelling ; “ coking ” 
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stokers, by which the fuel is pushed forward 
from the front by mechanically-operated rams 
at regular intervals ; “‘ screw feed,” by which the 
fuel is fed into the furnace by means of a coarse 
pitch screw thread running in a trough, and 
others. 

Some of the latter 


E 


are still applicable to 
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cylindrical boilers and small plants, but for the 
bigger installations are now very seldom found 
im use. 

Babcock and Wilcox Chain Grate. The 
Babcock chain grate is probably the best known 


Fic. 45. Links AND ASH PLATE FOR 
Bascock & WiLcox STOKER 


example of the travelling grate type and, in its 
original form, was the forerunner of the numer- 
ous modifications which are being manufactured 
to-day. 

In its standard form it consists of a cast-iron 
framework, at the front end of which is mounted 
a shaft carrying a number of sprocket wheels 
more or less equally spaced—about 18 in. apart 
—over the width of the grate. ; 


Fic. 


ENCLOSED TyPE CHAIN GRATE STOKER 
(For natural and balanced draught) 
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At the back end there is a parallel shaft 
carrying a drum of similar diameter to that of 
.the sprocket wheels. 

Running from end to end of the frame are a 
series of steel ‘““T” irons, or skids, which 
support the grate proper and on which the grate 
links slide. 

The grate is composed of cast-iron links of 
special pattern, and measuring some g in. over 
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homogeneous fire bed, but at the same time 
provide a convenient slope over which clinker 
is automatically discharged into the ash 
hopper. 

At the front end, to ensure smokeless combus-. 
tion, a firebrick arch is carried across the full 
width of the stoker, and extends for varying 
distances from the front according to the total 
length of the grate. The sizes of stokers vary 
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the ends and a little over an inch at their widest 
part. 

The links have an eye hole at either end, and 
are interlaced in such a way that steel rods can 
be passed through them to form a hinged joint 
between adjacent rows of links, a special fea- 
ture of the arrangement being that, these joints 
remain fully closed as the grate passes over the 
drum and sprockets. The shaft carrying the 
sprocket wheels is driven by a worm and worm- 
wheel gearing which is, in turn, operated by an 
electric motor through change speed or epicyclic 
gearing arranged to give either four or eight 
speeds, varying from about 5 to 50 ft. per hour. 

Coal is admitted to the grate by means of a 
hopper extending the full width of the stoker, 
and fitted with a cut-off shutter. 

The thickness of fire is regulated by geared 
guillotine firebrick lined doors having a range 
of about g in. 

At the rear end where the grate passes round 
the drum it is covered by sectional ash plates, 
or “dumping bars,” which offer sufficient 
resistance to the advancing fuel to ensure a 


from 8 ft. 6 in. to 20 ft. in length, and normally 
from 3 ft. to 9 ft. in width, although for special 
conditions they can be built even wider. 

Under natural or simple induced draught 
conditions, 25 lb. per sq. ft. of grate area per 
hour is a normal rate of fuel consumption. 

Where high duty is demanded, although the 
essential features of the grate are maintained, a 
number of important modifications are intro- 
duced. 

The space between the upper and lower chains 
is divided transversely into compartments each 
about 2ft. wide. These compattments are 
hoppered and fitted with regulating shutters to 
control the admission of air and the release of 
any fine ash which may fall through the fire 
bars. ; 

Air is admitted into the compartments under 
pressure from a common trunk air main, and 
can be regulated as desired. 

By the use of balanced draught with this form 
of stoker, practically any class of fuel can be 
burnt and a very high rate of combustion 
secured, 
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STEAM CONDENSING PLANT 


By Joun Evans, M.Enc. 


LESSON VIII 
FEED SYSTEMS AND 
DEAERATORS 


Classification. Feed systems, being the name 
given to the system through which the con- 


To 
Boilers 


Fic. 38. OPEN-FEED SYSTEM 


densate passes from leaving the condenser until 
it arrives at the boilers and economizers, may 
be divided into two classes— 

(a) Open-feed system, 

(b) Closed-feed system. 

The fundamental difference between the two 
systems is, that in the former the condensate 
comes into contact with the atmosphere, while 
in the latter this is prevented. 

Open-feed System. Diagrammatic arrange- 
ments of both systems are shown in Figs. 38 
and 39. The “open” system being simple, is 
the more common, though not representative of 
best modern practice. 

The condensate, withdrawn from the con- 
denser C by the extraction pump E, is delivered 
into an open-feed tank T, the boiler feed pump 
B drawing from the tank and delivering to the 
economizers and boilers. 

Closed-feed System. The simplest “ closed” 
system is shown in Fig. 39, where the extraction 
pump E delivers direct into the suction of the 
feed pump B. In practice, however, arrange- 
ments have to be made to allow for flexibility 
of operation between the pumps E and B, 
which operate in series. Owing to fluctuations 
in load, the feed pump B may demand more 
water for the boilers than is delivered by the 
pump £, or it may not require all the water 


withdrawn from the condenser. To accommo- 
date these fluctuating steam loads, a closed tank 
is usually installed between the pumps, and a 
connection made between the tank and an 
exhaust steam supply at approximately 2-5 lb. 
per sq. in. gauge. As the pressure in the tank 
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Fic. 39. CLOSED-FEED SYSTEM 


is slightly above that of the atmosphere, ingress 
of air is prevented. An alternative method of 
preventing aeration of the boiler feed water is 
to connect the tank to the condenser by a 
small bore pipe. With the closed tank there 
is no air te form an elastic cushion, very rapid 
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Fic. 40. SIMPLE CLOSED-FEED SYSTEM WITH 
Surce TANK 


condensation of the sealing steam occurs, and, 
once the tank is filled, it is in effect a large bore 
pipe. To overcome this difficulty, a surge tank 
is sometimes inserted between the pumps, 
Fig. 40, in which case there is no circulation of 
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water in the tank except during variations in 
load, and the water exposed to the atmo- 
sphere, will only enter the system during a 


Fic. 41. WEIR CLOSED-FEED SYSTEM FOR LAND 


INSTALLATIONS 


momentary heavy demand of the boiler feed 
pump. 

Weir Closed-feed System. The closed feed 
system adopted by Messrs. G. & J. Weir, Ltd., 
for land installations, is shown dia- 
grammatically in Fig. 41. Two float- 
controlled valves & and F are oper- 
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deliver less water than is required by the feed 
pump D, the float A will fall, open the pilot 
valve under its control, and, by relieving the 
water pressure on top of the valve F, allow it to 
open. The vacuum in the condenser will then 
draw water from the feed tank T through the 
pipe H into the condenser, from which it flows 
into the suction of the pump P to meet the 
extra demand of the boilers. 

Corrosion. How to overcome corrosion in 
boilers, economizers, and turbines, is one of the 
greatest problems with which engineers 
of the present time are confronted, and 
although they are not agreed on any 
one of the many theories presented to 
explain corrosive action, it has been 
established that the removal of gases in 
solution in the feed water reduces cor- 
rosion troubles by a marked degree. 
All boiler feed waters contain oxygen, 
nitrogen, carbon-dioxide and hydrogen 
in solution, to a greater or less extent, 
depending on the source of the supply, 
and the pressure and temperature of 
the water. The theory of corrosive 
action which is, perhaps, most gener- 
ally accepted is that the oxygen, combining 
with the iron forms iron oxide, which, when 
reacted on by carbon-dioxide, forms ferrous 
carbonate. This, on being dissolved in the 


ated by copper floats A and B, 
housed in a box which is connected 
both to the condenser C and the 
suction pipe S of the extraction 
pump P. The water level in the 
pipe S is thus the same as that in 
the float box, and the floats which 


are set at different levels operate 
the valves E and F. The top float 
B controls the valve E which opens 
as the float B rises, and the bottom 
float A operates the valve F which 
opens as the float A falls. When 
the pump P tends to deliver water 
in excess of that required by the 
boiler feed pump D, the water 
level in S rises, as does the float B which 
closes its pilot valve. The water pressure 
in the small pipe G increases, and being con- 
nected to the valve E opens it against the 
action of a spring and allows excess water to 
pass to the feed tank T. Should the pump P 
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Fic. 42. SOLUBILITY OF OXYGEN IN- WATER 


water, is further reduced by oxygen in solu- 
tion to iron. oxide. while the liberated carbon- 
dioxide, is again free to attack more iron 
oxide. Thus, the carbon-dioxide remains con- 
stant in amount, no matter how-small the 
quantity originally present, and provided an 


STEAM CONDENSING PLANT 


adequate supply of oxygen is maintained the 
corrosive action is cumulative. 

Experiments, and careful study of the 
reactions, have shown that, in order to prevent 
corrosion, the oxygen content of the boiler feed 
water should not exceed o-r cub. cm. per litre. 
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per litre, while in the open system corrosion will 
occur unless the water is “ degassed’ before 
entering the feed pump. 

Deaerators. The apparatus employed to 
“degas”” or “ deaerate’’ boiler feed water is 
called a deaerator, and it is becoming increasingly 


Fic. 43. ARRANGEMENT OF HICK-HARGREAVES INDEPENDENT DEAERATING PLANT 


An example of the oxygen content of feed 
water in an open system of a typical power 
station is as follows. The water discharged 
from the extraction pump was found to contain 
0-9 cub. cm. of oxygen per litre, while half-way 
through the system it had increased to 3°55, 
finally leaving the feed pump at 3-75 cub. cm. 
per litre. 

In-a modern “ closed ” system, where the feed 
water is never in contact with the atmosphere, 
immunity from corrosion is assured, since the 
oxygen content seldom exceeds - 0°05 cub. cm. 


popular, especially as it is easily adapted to 
“open ” systems, and the advantages of the 
“closed ’’’ system achieved at little expense. 

The curves shown in Fig. 42 give the equili- 
brium oxygen content of water at varying 
temperatures and varying pressures. The obvi- 
ous method of removing the oxygen and gases 
is by raising the temperature of the water to 
the boiling point, but the large amount of heat 
that would be required at atmospheric pressure 
would make this a costly operation. 

The water is accordingly heated to the boiling 
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point under vacuum, the heat supplied, in 
addition to being instrumental in removing the 
gases, increasing the efficiency of the system by 
feed heating. 

The actions of the two chief types of deaera- 
tors are as follows— 

1. Water is admitted into a chamber in 
which a vacuum is maintained, and by flowing 
either through a series of perforated trays or 
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spray nozzles, is broken up into fine “ droplets,” 
thus liberating most of the gases in solution, 
which are removed by an air extractor. 

2. Water to be degassed is heated, and 
injected into a vessel in which the vacuum 
is greater than that corresponding to the 
temperature of the water. The sudden reduction 
in pressure and temperature causes violent ebulli- 
tion of the water, breaking it up into small 
particles (flashing), thereby liberating the gases 
which are removed by an air pump. 

An example of the first type is that manu- 
factured by Messrs. Hick, Hargreaves & Co., 
Ltd., and illustrated by Fig. 43. 

The apparatus consists of a deaerating cham- 
ber A, air ejector B, and a surface heater C. 
Water is drawn from the open hotwell through 
the heater, and thence into the deaerator by 
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virtue of the difference in pressure in the 
vessel A and the atmospheric pressure. 

During its passage through the heater the 
water is raised in temperature to approximately 
130° F., by the steam discharged from the air 
ejector and auxiliary exhaust steam. It is 
then sprayed in the deaerator by specially 
designed nozzles which break it up, the liberated 
air being extracted by the ejector. 

The nozzles are arranged so as to spray the 
water upwards, thus maintaining the water in a 
finely divided state for the maximum length of 
time. The deaerated water falls to the bottom 
of the vessel A, and is delivered to the boiler 
feed pump by an extraction pump. Where the’ 
hotwell and deaerator are sufficiently elevated 
to provide a natural head, the deaerated water 
will flow direct into the feed pump suction 
branch. In the base of the deaerator a float 
valve is fitted, so that in case of a heavy demand 
for feed water the float will fall and admit 
more water to the deaerator, the reverse action 
taking place should the feed water requirements 
be curtailed. 

The deaerator designed by the Contraflo 
Engineering Co., Fig. 44, is an example of the 
second type. 

Water to be degassed is admitted to the 
deaerator from the feed tank, a float-controlled 
valve regulating the supply. _ 

After falling through a series of perforated 
trays, it falls on the tubes of a surface heater, 
which are maintained at a temperature higher 
than that corresponding to the vacuum in the 
deaerating vessel by exhaust steam. A vacuum 
corresponding to the temperature of the water 
leaving is maintained by an ejector. The air 
and gases in solution in the water are liberated, 
partly by the “breaking up” process, and 
finally by violent ebullition on the surface of the 
heater tubes. 

Test for Oxygen Content. Winkler’s titra- 
tion method is usually adopted to. ascertain 
the amount of oxygen present in feed water. 
Manganous sulphate solution (MnSO,) is first 
added to the sample under test.- By further 
adding an alkaline potassium iodide solution 
(NaHO + KI) and neutralizing the alkalinity 
with sulphuric acid (H,SO,), the oxygen in 
the sample is displaced by an equivalent of 
free iodine. The liberated iodine, dissolved 
in excess iodide, is then titrated against a stand- 
ard thiosulphate solution, which enables the 
amount of oxygen originally present to be 
determined. 
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ARRANGEMENT OF 1,000 B.H.P. “‘ MIRRLEES-NOBEL ”’ Two-STROKE 
Cycle DIESEL ENGINE 


SECTIONAL 
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DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I.MeEcu.E. 


LESSON IX 


MECHANICAL DETAILS OF FOUR- 
STROKE AIR-INJECTION ENGINE 
—(contd.) 


Air Compressors. The blast air is required at 
a final pressure of about 900 to 1,000 lb. per 
sq. in., and it is compressed to this degree in 
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attained by the air can be kept approximately 
the same in all stages. This is important both 
for the sake of the working parts themselves, 
and in order to prevent as far as possible, car- 
bonization of the lubricating oil and consequent 
clogging up of the valves. The valves being 
invariably of the self-acting or automatic type, 
it is of the utmost importance to keep them 
free from any hard or sticky substance. The 


: 74 BIR KCCI ED = 

i P | MP Air'alet_ eat h 

fad | Lad al | 

at Min eid 


Compressor 
Lubricating Fump 


Fic. 32. Two-staGE MIRRLEES AIR COMPRESSOR WITH COOLERS 


two or more stages. In each stage the air 
becomes heated during compression and it is 
necessary, therefore, to pass it through a cooler 
after each stage, so that it may enter the cylin- 
der of the next stage at about its original 
temperature. By “intercooling”’ in this way, 
and by suitably arranging the relative sizes 
of the cylinders, the maximum temperature 
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larger the compressor the less effective becomes 
the water cooling of the cylinders, and thus it 
becomes necessary, in order to keep down the 
final temperature of the air in each stage and 
to decrease the work of compression, to adopt 
more than two stages. Few compressors for 
engines of any considerable size are, therefore, 
made with less than three stages. 


1018 


Sectional drawings of a two-stage compressor 
together with its intercoolers are shown in 
Fig. 32, the pipe connections being indicated 
diagrammatically. The figure illustrates one 
type of Mirrlees compressor, and in both the 
high and low pressure stages, the suction and 
delivery valves are plain thin discs of special 
steel bearings on flat face, each being fitted with 
a spring to return it to its seat. This type of 


Fic. 33. NoRMAL Two-STROKE VALVE- 
SCAVENGING ENGINE 


valve is typical of the present-day practice, 
though occasionally conical seated valves are 
still used. 

In this illustration the intercooler is shown as 
a separate unit from the compressor, but often 
the two are embodied in one compact construc- 
tion. Our illustration, however, enables - the 
connections to be rather more clearly followed 
than would be the case with that type. 

Regulation of the air supply is usually effected 
by a simple throttle valve on the low pressure 
suction pipe, this being operated either by hand 
or automatically. A relief valve is always 
fitted on the delivery system of each stage set 
to blow off at a suitable pressure somewhat in 
excess of the maxinium normal working pres- 
sure of that stage. In the first and interme- 
diate stages this relief valve is fitted on the 


_ valves. 
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intercooler, while in the final stages it is 
usually fitted on the blast air receiver. 

Starting and Blast Air Receivers. The start- 
ing air receivers, of which there are two, one 
being a standby, are simple steel vessels, each 
of such a capacity as to provide sufficient air 
to start the engines a reasonable number of 
times without refilling, thus providing against 
the possibility of the engine failing to start at 
the first attempt owing to some mishap or 
incorrect procedure. 

Each air receiver is fitted with a steel head 
containing the control valves, i.e. the main 
valve admitting air to the starting valves, a 
small valve controlling the inlet during the 
recharging and connecting to the pressure gauge, 
and a drain valve. The latter serves to empty 
the receiver of water carried into it by the 
compressed air. 

The blast air receiver is similar to the starting 
air receiver but of much smaller capacity, as 
its principal function is to act as a pressure 
equalizing chamber for the air passing on its 
way from the final stage cooler to the fuel 
The head in this case embodies four 
valves—the inlet valve from the compressor, 
the outlet valve for the blast air, an “ over- 
flow ” valve for charging the starting receivers, 
and a drain valve similar -to that on the head of ; 
the starting air receiver. There is also embodied 
a relief valve which serves to protect the 
receiver itself as well as the final stage cooler and 
piping of the air compressor. 


MECHANICAL DETAILS OF THE TWO- 
STROKE AIR INJECTION ENGINE 


The only parts which differ fundamentally 
from the corresponding ones on the four-stroke 
engine are those which have to do with the 
charging and exhausting of the cylinder. We 
shall, therefore, refer only to those particular 
parts of the engine for each of the two main 
types, namely, the valve-scavenging and the 
port-scavenging type respectively. 

Dealing first with the valve-scavenging type 
we give in Fig. 33, a sectional drawing which 
shows its essential features. It will be seen 
that the cylinder cover is very similar to that 
of a four-stroke cycle engine, except that there 
is no exhaust valve. There are, however, two, 
or sometimes four, air or scavenge valves as 
well as the usual fuel and starting valves. In 
the type shown the top portion of the cover is 
formed into an air chamber to which the 
Scavenge valves are connected by ports. Air 
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is supplied in the usual way by an air pump and 
is led to the cover by the pipe A. The scavenge 
valves are operated in practically the same 
manner as the air valves on the four-stroke 
engine, 

The exhaust gases leave the cylinder through 
the ports B, which are spaced completely 
round the circumference, and are connected by 
a circular port C to the main exhaust pipe D. 

This type of engine is claimed to have some 
advantage over the port-scavenging type in 
regard to the efficiency of the scavenging pro- 
cess, owing to the direct path of the incoming 
fresh charge from the top to the bottom of the 
cylinder. In spite of this, however, this type 
of engine is now receiving little attention, and 
seems definitely to be disappearing in favour of 
the port-scavenging type, owing mainly to the 
greater simplicity of the valve gear and the 
cylinder cover of the latter. 

Turning now to the port-scavenging engine 
we have in Figs. 34, 35, and 36, illustrations of 
three well-known types, showing the essential 
features, i.e. the cylinder, the valves, ports, and 
piston. Fig. 34 shows the cylinder of the Sulzer 
type, in which there is a double row of scavenge 
ports, A and B, on one side of the cylinder, and 
a single row of exhaust ports C on the other 
side. The upper row 4 is controlled by a 
rotary valve, D. 

During the working stroke the top row of 
scavenge ports is isolated from the main 
scavenge air trunk E by the rotary valve. 
The piston, therefore, passes over this row 
without effect and uncovers the exhaust 
ports C allowing the exhaust gases to flow out, 
after which the lower scavenge ports are 
uncovered admitting the scavenge air. At this 
point the rotary valve D opens, connecting 
the upper row of scavenge ports with the air 
supply trunk £, and this valve then remains 
open until the piston, on its upward stroke, 
has covered all three rows of ports. The 
effect of this is, that even after the exhaust 
ports are covered again, the cylinder is still in 
direct communication with the scavenge air 
supply and, consequently, is positively charged 
with fresh air up to about the scavenge pressure. 
This system is an improvement on the original 
form still largely used on smaller engines of the 
Semi-Diesel type, in which there is one row of 
inlet ports only, corresponding to the lower row 
in Fig. 34, and no method of controlling the 
time of inlet other than by the piston movement. 
The advantage of the controlled port system is, 
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of course, that the fresh air has a longer period 
of entry which extends until after the exhaust 
ports are closed and thus permits of a certain 
degree of supercharge depending upon the 
pressure of the scavenge air supply. 

Fig. 35 illustrates the ‘‘ Mirrlees-Nobel” 
engine in which very much the same results are 
obtained, so far as scavenging is concerned, but 
in another way. In this case the inlet or 
scavenge ports are of about the same depth as 
the exhaust ports, but between them and the 
scavenge air chamber there is a set of light 
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Fic. 34. CYLINDER OF TWO-STROKE, PoRT- 
SCAVENGING ENGINE (SULZER TYPE) 


automatic valves, so arranged that they cannot 
open to allow the scavenge air to enter the 
cylinder until the gas pressure in the cylinder 
is slightly lower than that of the scavenge air. 
By this means the correct timing of the fresh 
air entry is automatically attained, and at the 
same time the inward flow continues until the 
ports are closed by the piston. 

Very effective scavenging and high volu- 
metric efficiency are claimed for both these 
systems. It is certain that the cylinder receives 
a good charge of fresh air at, or rather above, 
atmospheric pressure and, as a result, high- 
power output is possible almost equalling that 
of a normal four-stroke cycle engine. 

An important feature of the port-scavenging 
type is the simplicity of the cylinder cover 
which contains only two working valves, the 
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fuel valve and the starting valve, of which only 
the former is in continuous operation. An 
exceedingly simple structural design is possible, 
and this is a great advantage as compared with 
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the symmetry and smoothness of the internal 
surface. 


The typical opposed piston type is repre- 


sented in Fig. 36, showing sectional views 
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Fic. 36. SECTIONAL VIEW OF 3,000 ].H.P. DoxrorD Two-strokE OpposEp 
Piston ENGINE 


the cover for either a four-stroke engine or a 
two-stroke valve-scavenging type. The form 
of the combustion space also is much improved 
as there are no valve heads or pockets to break 


through one line of a Doxford engine. One 
view shows the pistons at the end of their 
outward stroke with the scavenge ports open 
at the bottom and the exhaust ports open at 


DIESEL ENGINES 


the top, whilst the other shows the pistons 
close together at the end of the compression 
stroke. From this it is seen that as the two 
pistons on the expansion stroke move away 
from each other the upper one first uncovers 
the row of exhaust ports through which the 
gases begin to flow out, and almost immedi- 
ately afterwards the lower one opens the air 
inlet ports admitting the scavenge air which 
flows in behind the exhaust gases and sweeps 
the cylinder clear from one end to the other. 
The ports in both cases extend round the whole 
circumference of the cylinder, and thus the 
scavenge action, while being direct and positive, 
is also equally effective in all parts of the 
cylinder. The method of driving the upper 
piston by means of side cranks and rods is also 
clearly shown in this illustration. 

Valve Gear for Two-stroke Engines. Since 
there are only two valves to operate on the 
cylinder of a port-scavenging engine, ie. the 
fuel valve and the starting valve, the valve 
gear is exceedingly simple as compared with 
that of the four-stroke engine. This is a great 
advantage, particularly for marine engines, as 
the design and operation of the reversing gear 
is thereby simplified. Generally speaking also, 
the absence of any air or exhaust valves results 
in a much quieter running engine and, of course, 
the elimination of the exhaust valve, which 

-normally requires more attention than any 
other on the engine, conduces to reliability of 
running, especially when heavy or low grade 
fuel oils are used. 

Scavenge Air Pumps. The scavenge, pumps 
usually employed are of the reciprocating type 
and are incorporated with the engine, the pis- 
tons being operated either by links and levers 
from the main crosshead or directly by separate 
connecting rods and crossheads from the crank- 
shaft. An example of the former system is 
seen in Fig. 35, showing those on the “ Mirrlees- 
Nobel” engine, whilst Fig. 37 showing those on 
the Doxford engine illustrates the latter. A 
modern development in this connection is the 
‘use of a rotary blower instead of a reciprocating 
pump. In this case, of course, the blower is 
of the high speed type, being usually directly 
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coupled to an electric motor, and quite inde- 
pendent of the main engine. This system has 


i Suction 
4 Valves 
qn Piston 


Fic. 37. SECTION oF DoxFrorD SCAVENGE 
Pump. DIRECT-DRIVEN TYPE 


been adopted to a considerable extent for large 
marine propulsion engines. 
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THE TESTING OF PRIME MOVERS 


ENGINEERING EDUCATOR 


By R. Roynps, M.Sc., M.I.Mzecu.E. 


LESSON IV 
INDICATORS 


THE pressures in a steam-engine or internal 
combustion engine cylinder vary too rapidly 
and through too large a range to be measured 


Fic. 17. CrosBy INDICATOR WITH 
OUTSIDE SPRING 


by means of an ordinary pressure gauge. It 
is necessary to have a diagram of pressures so 
that these pressures may be measured at any 
point in the stroke or cycle by measuring up 
the diagram with a suitable scale. The instru- 
ment giving such a diagram is usually called 
an indicator. In the development of his steam- 
engine, James Watt soon found out the need of 
an indicator. In his indicator he had a small 
piston in a cylinder backed by a calibrated 


spring. The compression of the spring, and 
therefore the motion of the indicator piston, was 
proportional to the pressure. He therefore 
attached a pencil to the indicator piston-rod 
so that, by touching a paper pinned on a reci- 
procating board, a diagram of pressures was 
obtained. The board was given a reciprocating 
motion from the engine piston-rod and propor- 
tional to the motion of that rod or piston. From 
this diagram he was also able to estimate the 
horse-power developed in the cylinder, now 
termed the ‘indicated’? horse-power. This 
indicator was sufficient for the purpose at the 
low pressures and speeds then usual. But 
when a mass is attached to a springy or elastic 
material, there is a natural tendency for it to 
oscillate when displaced suddenly, and the time 
of one oscillation is practically independent of 
any consideration other than the mass in 
motion and the strength of the spring. At the 
slow speeds of rotation in James Watt’s time 
these oscillations of the indicator were rapid 
enough to obviate any serious error in the dia- 
gram, but as pressures and speeds of rotation 
rose the early engineers following Watt found 
that these oscillations were very troublesome 
because, at the higher speeds then usual, the 
oscillations persisted all round the diagram. 
It therefore became necessary to speed up the 
rate of oscillation of the indicator to suit the 
higher speeds of rotation. They therefore 
stiffened the spring and reduced the reciproca- 
ting mass of the indicator; but with the stiff 
spring required the height of diagram was very 
limited, and therefore the next step was to 
introduce a multiplying link motion of light 
weight between the indicator piston-rod and 
the pencil. An obvious modification was to 
introduce a drum for the paper in place of the 
board used by Watt. In these brief statements 
we have the main reasons for the construction 
of our modern piston and pencil indicators. 
There are many makers of this type of indica- 
tor, differing only from one another in the 
details of construction of their indicators. 
External Spring Indicators. In the common 
form of indicator the spring is enclosed behind 
the piston in the cylinder. The main objec- 
tions to this arrangement are that the spring 
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is heated when indicating a steam-engine or 
internal combustion engine, but when used on 
an air pump, compressor, or water pump the 
spring is relatively cold. When cold the spring 
is stronger by about 2 per cent than when used 
hot. Also any distortion of the spring may 
cause excessive friction at the piston. In recent 
years there has been a decided tendency to 
place the spring outside the indicator cylinder 
well exposed to the atmosphere, although this 
arrangement involves an increase in the moving 
mass. This arrangement is represented in Fig. 
17,as built by the Crosby Gauge & Engineering 
Co., Ltd. The area of the piston is I sq. in. 
for steam-engine indicators, and 4 sq. in. for 
use with internal combustion engines. This 
is double the area usually supplied with ordinary 
indicators, and gives a correspondingly greater 
active force to compensate for the increased 
inertia of the longer piston-rod. To reduce 
friction at the piston a short barrel form is 
given to the surface of the piston. A small 
leakage past such a piston is of little consequence 
as there is a free exit for the steam or gases at 
the top of the cylinder. The spring can be 
changed without taking the piston from the 
cylinder, and the pencil gear is of the usual 
Crosby pattern. The drum and drum. spring 
are of ordinary construction with the top of the 
spring fitting on a square on the spindle. By 
drawing the top of the spring upwards, and 
turning it round, the tightness of the spring 
can be adjusted to suit the speed of running 
so that the drum shall not overrun the indicator 
cord. A special drum may be introduced if 
required, instead of the ordinary one, carrying 
a roll of paper so that continuous diagrams 
may be obtained when indicating winding 
engines, rolling mill engines, etc., where the 
load varies constantly. 

Most makers can supply an indicator suited 
for both steam-engines and internal combustion 
engines. When used on steam-engines a piston 
of $sq. in. area with a short piston-rod is used, 
working in the upper part of the cylinder. With 
_ internal combustion engines a piston of + sq. in. 
area is used, having a longer rod so that the 
piston works in the lower part of the cylinder of 
corresponding bore. 

Indicator Errors. It is no exaggeration to 
say that many engineers are too liable to accept 
diagrams taken with ordinary indicators without 
critical examination or question, No indicator 
yet built is capable of recording pressures 
accurately when running at speed, and the best 
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that can be hoped for is that errors may be 
minimized so as to be practically negligible. 
The indicator oscillations previously men- 
tioned do not cause serious inaccuracies with 
engines running at slow speeds of rotation, but 
if the speed of rotation is too high for the 
indicator in use these oscillations persist over 
nearly the whole of the diagram in the manner 
represented in Fig. 18. It is useless to attempt 
to get rid of the troublesome oscillations by 
increasing the frictional resistances in the 
indicater, such as may be obtained by increasing 
the pressure of the pencil on the paper. Even 
a hard blacklead pencil pressing but lightly 
against the paper may introduce a frictional 
error of 1 or 2 1b. per sq. in. with a moderate 
strength of spring, and with the brass or silver 


Fic. 18. STEAM-ENGINE INDICATOR 
DIAGRAM SHOWING EFFECT OF 
OSCILLATIONS 


pointed pencils marking on chemically treated 
paper which are commonly used, the frictional 
error may be much greater. Besides this there 
is frictional resistance at the indicator piston 
and pencil gear. As a general statement it 
may be said that with the piston lightly oiled 
the piston and pencil gear should fall by its 
own weight when no spring js in the indicator. 
This of itself is not always sufficient, as the 
indicator may behave badly under pressure due 
to excessive friction. One test for this is to 
put the indicator under a known steam or gas 
pressure; then depress the pencil gear and 
release gently and take a pressure line. After 
this raise the gear and release gently and draw 
another line. If there are not more than 2 or 
3 lb. per sq. in. difference between these two 
lines with a moderate pressure and normal 
strength of spring the indicator is in fair con- 
dition in respect to frictional error. A dynamic 
method of testing for indicator friction under 
pressure conditions is to depress or raise the 
piston and release it suddenly, with the pencil 
in contact with the moving paper on the drum, 
An oscillating motion is obtained similar to 
that shown in Fig. 19. The indicator friction is 
represented by quarter the difference between 
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the heights of A and B on the diagram. Exces- 
sive frictional resistance is liable to cause the 
indicator to give a stepped form to the diagram 
as represented in Fig. 20, though it should be 
recognized that the absence of such steps in a 
diagram does not of itself signify that the 
frictional forces are negligible. 

The indicator pencil gear usually has about 
six pins subject to wear, and care should be 
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taken to see that no slackness is allowed to 
develop at these pins. In many designs those 
pins most subject to wear are made a conical 
fit, so that they can be driven farther through 
by means of a light hammer should wear take 
place. In any case the pins should be oiled 
occasionally with light oil, such as sperm oil, 
of good quality. 

Indicator diagrams are usually taken so that 
the area enclosed by the diagram shall repre- 
sent to some scale the work done on the engine 
piston per cycle. For this purpose the drum of 
the indicator needs to be given a motion which 
is a copy of that of the engine piston. In 
operating the drum the string has to be adjusted 
in length so as to allow the drum to move freely 
without touching either stop. If the drum is 
coming in contact with either stop a knock will 
be felt on touching with the fingers the indicator 
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body near the drum, and to anyone skilled in 
taking diagrams the knocking will usually be 
evident from the square corner appearance at 
one end of the diagram, as represented in 
Fig. 21, where the missing parts of the diagrams 
are shown dotted. 

Mean Effective Pressure. When the indicated 
horse-power of an engine is being measured from 
diagrams the average mean effective pressure 
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is first obtained from the diagrams taken at 
equal intervals of time. The mean effective 
pressure is the average height across the dia- 
gram, measured as a force according to the 
scale of the diagram. It can be shown that the 
work done on the engine piston per unit of 
piston area per cycle is given by M.E.P. x 
stroke of engine, and, as the M.E.P. is indepen- 
dent of the length of the diagram provided the 
motion of the drum is a copy of that of the 
engine piston, it is usual to operate the indicator 
drum from the engine piston-rod or crosshead 
through some form of indicator reducing gear. 
Indicator Reducing Gears. Three arrange- 
ments of indicator reducing gears suitable for 
short stroke engines are given in Fig. 22, (a), 
(6), and (c). That shown.as (c) is a modification 
of the other two suitable for single-acting gas 
engines. In all three cases a bracket supported 
from the engine frame accommodates the pin 
B, about which the arm AB swings. In (a) 
a pin A on the crosshead moves through the 
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stroke A,A,, and operates the arm through 
the slot shown. The indicator string is operated 
from the stud E on the arm. This arrangement 
does not give to E quite a true copy of the 
motion of A, but unless AB is very short the 
discrepancy is almost negligible. By placing 
the slot on the crosshead and the pin A on the 
arm, as shown at (0), the gear is theoretically 
correct. In all these cases the indicator string 
I should be parallel to the line of stroke of the 
engine. 

For long stroke engines the pantograph type 
of gear shown in Fig. 23 forms a compact 
arrangement, while for vertical engines a 
modification of Fig. 22 (c) is commonly used. 
These various gears are not usually convenient 
for completely enclosed engines. For such cases 
a small eccentric on the crank shaft, set in line 
with the engine crank, is a suitable arrangement 
provided the ratio between the length of the 
eccentric rod and the throw of the eccentric 
is the same as that between the engine con- 
necting rod and crank. 

The indicator cord should be made as short 
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as possible to avoid excessive stretching when 
in operation. Indicator cord in which strands 
of copper wire are incorporated is to be pre- 
ferred to plain cord. If the cord is of con- 
siderable length, as might be the case with long 
stroke engines and tandem engines, it is better 
to connect a piece of Bowden wire to the 


(a) 
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indicator gear and keep it taut by means of a 
spring at the far end. Clips on the wire would 
be used to which the indicator string of short 
length would be connected when indicating the 
engine. 

Indicator Cocks. The connection between the 
engine cylinder and the indicator should be as 
short as possible to avoid excessive lag of pres- 
sure. For this reason it is preferable to screw 
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the indicator directly into the indicator hole in 
the cylinder. This connection is commonly 
screwed #in. Whitworth, but, in the writer’s 
opinion, this gives too small a hole with a brass 
cock, and the connection and the hole in the 
cock could be made larger with advantage. In 
double acting steam-engines a common, but 
faulty, arrangement is to bring a pipe, say, 
8 in. or 2in. bore, from both ends of the cylinder 
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to a three-way cock, to which the indicator 
cock, or in some cases the indicator itself, may 
be attached. By this means one indicator 
serves to take cards from both ends, but the 
length of piping and the number of turns are 
objectionable. Before taking a card the pipes 
should be “ blown” through to clear out any 
water which may be lying 
there. When taking an 
atmospheric line the hole 
in the cock should place 
the indicator piston in 
direct communication with 
the atmosphere. 
Calculation of Indicated 
Horse-power. In  deter- 
mining the indicated horse- 
power of a reciprocating 
engine, compressor, oF 


Gudlgeon Pin 
EES) —> 


> = 


BED pump, the average mean 


effective pressure has to 
be obtained from the in- 
dicator diagrams. With reference to the 
end of the cylinder from which diagrams 
were taken, the mean effective pressure may 
be defined as the average pressure acting 
on the piston at that end during one cycle, 
taking into account that on the forward stroke 
the pressure is positive and on the return stroke 
it is negative. Thus, in effect, it is the average 
height across the diagrams expressed in terms 
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of pressure according to the scale of the dia- 
gram, measurements being made at right angles 
to the atmospheric line. Two methods are in 
common use for measuring M.E.P., viz., the 
mid-ordinate method and. the planimeter 
method. The mid-ordinate method is shown in 
Fig. 24 applied to a steam-engine diagram, 
where AL is the atmospheric line. The two 
lines GH and JK are first drawn at right angles 
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to the atmospheric line touching the extrem- 
ities of the diagram. If a line AB is drawn, 
say, 5 in. long, divisions 11, 21, 3!, etc., would 
be marked off on the line at 4, #, 1} in., etc., 
along AB. Joining B to L and. drawing 
parallels as shown gives the points I, 2, 3, etc., 
for the 10 mid-ordinate positions. With the 
appropriate scale, the distances shown by the 
lines with arrow-heads would be measured and 
tabulated on the card over the respective 
ordinates, Adding these together and dividing 
by 10 gives the mean effective pressure for that 
diagram. All the cards for each end of the 
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cylinder and for all cylinders would be treated 
similarly, and the average value for each end 
of each cylinder then obtained. If found to 
be convenient it is usually quicker to place the 
5 in. line AB so that the end A lies on GH and 
the end B on the line TK. In that case the 
parallels 11, 212, etc., are not required. 

The planimeter method is quicker and, if 
carefully done, is probably more accurate than 
the mid-ordinate method. The ordinary plani- 
meter is shown in Fig. 25. It consists of a link 
KL pivoted at L to the slide S, which can be 
shifted to any position along the bar CP. On 
the slide is a roller R carrying a scale, and when 
in use the edge of this roller runs on the fixed 
paper underneath it. The purpose is first to 
measure the area of the diagram. The card is 
first pinned on to a smooth board and the 
planimeter is then set in a position similar to 
that shown in Fig. 25, with the pin at K fixed 
securely in the board. The tracing point P is 
then placed at any convenient point on the 
diagram. The roller R rests on a piece of plain 
paper pinned tightly on the board, and the 
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reading on the scale is observed. The point 
P is now carried clockwise round the diagram 
until the starting-point is reached and the read- 
ing on the scale again observed. The difference 
between the two readings represents the area 
of the diagram. The slider S is previously set 
at a definite point on the rod CP, according to 
the units required in measuring areas. The 
M.E.P, is then given by dividing the area by the 
length of the diagram and multiplying by the 
“strength ’”’ of the indicator spring. Thus, if 
the area is 2-1 sq. in., and the length of diagram 
3°7 in. with a 60 spring, then, 


ME Pa - x 60 = 34-1 lb. per sq. in. nearly. 


The mean effective pressure may be obtained 
more directly by adjusting the length between 
the two points X and N to the length of the 
diagram. The difference between the two read- 
ings divided by a constant for the instrument 
gives the mean effective pressure directly. The 
constant can be found by testing the plani- 
meter on a rectangle of known height. 

When calculating the indicated horse-power 
the best procedure is to calculate for each end 
of each cylinder separately and then add the 
results together to get the total i.h.p. 


Let P,,= mean effective pressure, lb. sq. in. 
A = area of piston, sq. in.. 

», L_ = length of stroke of engine, ft. 

», NV = number of cycles per minute. 


” 


The work done at the one end of the piston per 
cycle is P,, x A x Lft.-lb. ‘ Therefore— 


PA So aN 


Hn jo), = 33,000 


ExampLe. Cylinder diameter, 11-5 in. ; piston- 
rod diameter (bottom end of cyl.), 3 in. ; 
stroke, 36in.; revolutions per minute, 95. 
Values of P,, are 68 and 64 lb. per sq. in. at 
top and bottom ends respectively. 


Top. 
7 68 x +785 x 11°57. BEX o8 
1h.p. = 33,000 
= 61 nearly. 
Bottom. 
ares 64 X +785 X (I1:5?— 3%) x 2 x 95 


33,000 
= 53 nearly. 
Total ih.p. = 61 + 53 = 114 
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By G. W. Danrets, M.Enc. 


LESSON II 
MACHINES 


For many years past the ammonia refrigerating 
machine had developed into a more or less 


, WH.Ex., A.M.1.Mecu.E. 


standard type of machine, usually horizontal 
and always slow running, as illustrated by 
Fig. 2. This shows a section through the com- 
pressor cylinder. It consists of a cast-iron 
barrel with a cast-iron liner. Spherical shaped 
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covers are fitted at either end which carry the 
suction and delivery valves. The object of the 


Fic. 4. Rinc PLATE VALVE FOR 
HIGH-SPEED COMPRESSOR 


spherical covers is to allow of valves of the 
largest possible area being fitted without making 
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as possible. For the same reason the com- 
pressor piston has rounded ends to fit snugly 
into the covers. The distance between the 
cover and piston at the end of the stroke is 
only ,4,in. The suction valves open into the 
cylinder, and are fitted with nuts A on the 
middle of their spindles which prevent the 
valves falling into the cylinder if the spindles 
break. The delivery valves are fitted with two 
springs, C and B. In normal working only B 
is brought into use, but if extra opening is 
required at any time, the spring C automatically 
comes into operation and permits the delivery 
valves to have extra lift and opening. The 
packing in the stuffing box is divided into two 
parts byaring, calledalantern. The space inside 
the lantern is connected to the compressor suc- 
tion pipe and, therefore, if any ammonia leaks 
past the first set of packing it is drawn off into 
the suction, and the outer set of packing has 
only to hold tight against the comparatively 
low pressure existing on the suction side. 
During the compression of the refrigerant in 
the compressor, heat is generated and we have 
to keep the compressor from becoming over- 
heated. This may be done in either of two 
ways, (a) by fitting the compressor with a 
jacket through which water circulates, or (8) 
by allowing a small portion of liquid refrigerant 
to enter the compressor along with the vapour 
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any pockets or other clearance spaces in which 
compressed gas could accumulate. Such clear- 
ance spaces have a very adverse effect on the 
working of the machine and are kept as small 


from the refrigerator. The small amount of 
liquid evaporates during the compression, 
absorbing the heat generated and keeping the 
compressor cool. This latter method of working 
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is usually called “wet compression.” The 
first method, where no liquid refrigerant is 
admitted to the compressor but a water jacket 
used instead, is called ‘‘ dry compression.”’ 
Machines of this type gave very good ser- 
vice, but owing to their low speeds, from 45 
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to 130 r.p.m., they occupied large floor space 
and were costly, 

The large space and high first cost of the slow- 
speed refrigerating machines gradually brought 
about a demand for quicker running and less 
costly machines. 

Fig 3 shows a section through an ammonia 
machine of this type. This machine is single- 
acting and has no piston-rod. The piston is of 
the trunk type and is directly attached to the 
connecting rod. The cylinder is mounted on a 
strong crankcase containing all the moving 
parts which are entirely enclosed. An oil 
pump supplies lubricating oil under pressure to 
all bearings, and also seals the stuffing box 
through which the crankshaft passes out of the 
crankcase.” The suction valves are fixed in the 
top of the piston, while the delivery valves are 
carried in a false head, closing the working 
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barrel of the cylinder, and held down by 
springs. Valves in these machines are of very 
light weight, so that they can open and close 
quickly. Fig. 4 illustrates a valve of this kind 
which is known as a ring or plate valve. 
Machines of this description run at speeds up to 
450 r.p.m., and are made with I, 2, 3, or 4 
cylinders mounted on one crankcase. 

Fig. 5 shows an external view of a high-speed 
single-acting ammonia machine which is gener- 
ally similar to the one just described, with the 
exception that in this case the suction valves 
are carried in the cylinder head and not in the 
piston. 

Fig. 6 shows a double-acting, high-speed 
ammonia refrigerating machine. In this case 
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there is a piston-rod passing through a stuffing 
box. Such machines occupy very small space, 
and are comparatively cheap for the amount of 
refrigeration produced. If properly designed, 
they are very satisfactory. 

Sometimes the compressor is arranged to take 
the vapour from two separate refrigerators 
working at different pressures. The vapour at 
the lower pressure is drawn into the cylinder 
in the usual way through the suction valves. 
When the piston reaches the end of its stroke 
it uncovers openings or ports in the cylinder, 
and through these ports the vapour from the 
second evaporator rushes in by virtue of its 
higher pressure. We are thus enabled to make 
one compressor cylinder take in two charges of 
refrigerant at each stroke instead of one and, 
consequently, we get a much larger amount of 
refrigeration from the machine. 
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Fig. 7 shows, diagrammatically, a compressor 
cylinder working in this way. This system 
should be used on all suitable occasions. 

SO, machines have followed very closely the 
general arrangement of the slow-speed horizon- 
tal ammonia machine illustrated in Fig. 2, and 
do not need further description. 

With regard to CO, machines, Fig. 8 illustrates 
a typical CO, compressor cylinder in section. 
This is made from a solid forging of high grade 


SE 
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a pressure greater than that of the CO,. Hence 
any leakage that takes place is of oil into the 
system and not of CO, out of the system. 
Fig. 9 shows the type of simple oil pump used 
for this purpose, and it is usually called a pressure 
lubricator. It consists essentially of a steel 
block bored out to form a working barrel and 
fitted with a piston and rod. On top of the 
block is placed an oil reservoir in which is 
situated a hand-operated oil pump. By work- 
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steel, in order to withstand the high pressure to 
which it is subjected. 

On no account should cast iron be used for 
CO, compressors, although small sizes have had 
their cylinders made from gun-metal. The 
chambers containing the valves are bored out 
in the solid steel block, and the valves, seats, 
and guides are made of a high grade nickel steel. 
The compressor pistons are fitted with piston 
rings of cast iron, or sometimes with leathers 
after the manner of the hydraulic ram. The 
stuffing box is again divided into two parts by 
a lantern as in the case of the ammonia machine, 
but instead of connecting this space to the com- 
pressor suction, we pump oil into the space under 


ing the pump, oil is delivered into the cylinder 
and forces the piston to the right. CQO, at the 
highest pressure in the system is then admitted 
at D on the other side of the piston, and this 
pressure gradually forces the piston to the left 
and so delivers the oil into the stuffing box. 
The two sides of the piston are of different area 
owing to the presence of the piston-rod. The 
CO, always acts on the larger area of the piston 
and, hence, the oil acting on the smaller area of 
the piston, must automatically become at a 
greater pressure than the CO,. The following 
ratio holds good— 
oil pressure 


CO, pressure 


larger area of piston ; 
smaller area of piston 
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The whole forms a very simple and effective 
device without any moving parts in continuous 
operation. } 

The general arrangement of a CO, machine 
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fact, all the moving parts, connecting rod, 
etc., can be the same for either type of 
machine, only the compressor cylinder and 
details being of special design in each case. 
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may take many forms, horizontal, vertical, 
etc., just like the ammonia machine. In 


~ 
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Fig. 10 shows a horizontal gear-driven slow- 
speed CO, machine. 

In common with ammonia machines, types. 
of CO, machines running at a high speed have 
also been developed. © Fig. rr shows an inter- 
esting example of such a machine. This is a 
single-acting compressor, having trunk pistons 
directly attached to the connecting rod and 
with the suction valves carried in the piston. 
The delivery valves are mounted on a false 
head just as in the case of the ammonia machine. 
The crankcase is made from a solid steel forging, 
as it may be subjected to a very high pressure if 
there is any leakage of CO, past the piston rings. 
The crankshaft passes through an oil-sealed 
stuffing box, and an oil pump provides forced 
lubrication to all moving parts. The cylinders 
are also machined from solid steel forgings. 

In contrast to Fig. 11, Figs. 12 and 124 show 
another type of high-speed CO, machine, also 
single-acting. In this case, however, the cylinders 
are fitted with pistons and rods in the ordinary 
way, the piston-rods passing through a stuffing 
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REFRIGERATING MACHINERY 


box and being connected toa crosshead. All the 
motion work, connecting rod, etc., is totally 


Fic. 134. STEAM DrivEN CO, MACHINE FOR 
SHIPS PROVISIONS 


enclosed in a light cast-iron crank- 
case. Forced lubrication is provided 
to all bearings. The suction valves 
are mounted in the piston and the 
delivery valves in a false head. 
High-speed machines have not as 
yet made any appreciable headway 
in marine refrigerating work. Here 
the use of CO, is almost universal, 
and Figs. 13 and 134 show a type of 
machine used for the preservation 
of the ship’s provisions on cargo 
boats. The machine consists of a 
double-acting vertical CO, com- 
pressor mounted on a cast-iron 
baseplate. The cylinder of the 
steam-engine driving the machine is 
placed underneath the compressor 
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cylinder, the crankshaft coming between them. 
The respective pistons are coupled to the 
crosshead, as shown in Fig. 13. The con- 
densing coil is situated in an annular space 


Fic. 14. Hatt MotTor-DRIVEN CO, MACHINE 


formed in the baseplate casting, while in a 
larger interior space in this casting there is 
placed a mild steel tank containing the evapora- 
tor coils. This tank is suitably insulated with 
granulated cork. A water pump for supplying 
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the condensing water and a brine pump for 
circulating the cold brine are driven off the 
crankshaft. The whole plant is thus self- 
contained, and is a useful and inexpensive unit 
for the work intended. ; 
Fig. 14 shows another type of CO, machine 
for ships’ provision chambers, in this case 
driven by an electric motor through gearing. 
Fig. 15 shows a large CO, machine for 
refrigerating the cargo holds. This is of the 
horizontal type, having two compressor cylin- 
ders placed tandem with the cylinders of the 
compound steam-engine which drives them. 
The crankshaft of such a machine is in two parts, 
coupled at the middle, and the steam piping is 
so arranged that either side of the machine can 


ENGINEERING EDUCATOR 


work quite independently of the other. In such 
a case, the low pressure steam cylinder would be 
supplied with steam direct from the boilers. 
Such a machine is described as “ duplex,’ on 
account of its two compressors being capable 
of independent operation, and it is almost 
universally adopted for marine work on account 
of its giving the greatest protection against 
total stoppage in the event of failure of any 
part of the machine. The CO, condenser coils 
are arranged in the hollow bedplate of the 
machine. In some cases a steam condenser is 
also arranged in the bed at the front end under 
the engine. When this is done, an air pump 
and a feed or hotwell pump is often driven off 
the crankshaft. 


| SOLDERING, BRAZING, AND WELDING | 


By E. A. Atxtns, M.I.Mecu.E., M.I.W.E. 


LESSON I 


THE jointing of metals is one of the most 
important functions with which the engineer 
has to deal, as a little consideration will show 
what an enormous amount of practical work of 
one kind and another resolves itself into the 
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correct forming of joints. Therefore, every 
engineer should have a working acquaintance 
with the various ways by which metals may be 
connected together. 

Before considering the processes of soldering. 
brazing and welding, it will, perhaps, not be out 
of place to first of all make a comparison of the 
general methods that are in common use for 


the uniting of metals. These may be sum- 
marized as follows— 

(a) Riveting and bolting. 

(0) Grooving. 

(c) Soldering. 

(d) Brazing. 

(e) Welding. 

Riveted Joints. Of all the methods that are 
in use for jointing metals, it is probable that 
riveting is the oldest. Whilst it gives a very 
secure joint, unfortunately, where articles are 
required to stand great “pressure this kind of 
connection in its simple form is not very 
efficient. The percentage strength of the best 
form of riveted joint depends upon several fac- 
tors, such as whether or not the plates and 
rivets are of steel or iron, or whether the holes 
are punched or drilled. Generally speaking, a 
joint that is formed of drilled holes is stronger 
than a joint of which the holes have been 
punched out of the plate. In addition to the 
extra strength obtained by the drilled holes, 
there is also greater uniformity in the quality 
of the joint and less danger of the plates being 
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locally strained through holes having to be 
drifted on account of want of alignment. 

A single riveted joint, such as shown in Fig. I, 
is, of course, the weakest form of joint that can 
be constructed, and has an efficiency of about 
55 per cent; whilst a double riveted joint 
would have an efficiency of about 70 per cent, 
a treble riveted joint attaining an efficiency of 
about 80 per cent. 

From what has been said it will be seen that 
there is considerable waste of material through 
having to use riveted joints. This is specially 
so in the case of a single riveted joint, for 
_ where a vessel has to be constructed to with- 
stand a certain pressure, it is inevitable that it 
~ must be designed for the joint to be sufficiently 
strong to meet the conditions required. Where 
a single riveted lap joint is used, on account of 
its strength being only about half that of the 
solid plate, it results in plates of almost twice 
the required thickness having to be used. 

Several devices, such as thickening up the 
edge of the plates which cover the riveted joint 
portion, have been tried so as to overcome the 
inherent weakness of this kind of joint ; but 
these have all been too costly to put into general 
use and have been abandoned. j 

Grooved Joints. It is not generally realized 
what a valuable method of jointing is given by 
grooving (Fig. 2), and there is not the least doubt 
that the inventor, whoever he may be, of this 
method of connecting the edges of sheet metal 
has conferred a very great boon upon the metal 
worker. If properly made this kind of joint 
can even be watertight without the aid of 
solder, but if made in tin-plate or other metal 
that can be soldered it represents one of the 
very few joints that is as strong as the sheet 
from which it is formed. 

Whilst a simple form of grooved joint is 
shown in Fig. 2, it can readily be realized that 
this method of connecting the edges of sheet 
metal may take many forms. For instance, in 
addition to being used for the side seams of 
articles, it can be applied for fastening bottom 
and side plates together, corner joints, trans- 
verse joints for pipes, etc. Where extra strength 
is required, it is sometimes used to make a joint 
which is afterwards to be soldered ; and in some 
special cases is actually used in sheet metal 
which is to be welded, the four thicknesses of 
the metal simply being melted down by the use 
of the oxy-acetylene blow-pipe. 

Soldered Joints. In these days of wireless 
telephony, mechanics of every possible kind 
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and description succeed in using a copper bit 
to form a simple soldered joint in wire, sheet 
or plate; and whilst the operation of tacking 
together two bits of tinned wire is not very 
difficult, it is not such an easy matter to form 
a good solid joint where comparatively large 
surfaces have to be connected. For successful 
soldering it is necessary to take notice of a few 
important points— 

The solder should be of such a composition 
as to be suitable for the kind of work required 
to be done. For good all-round work this is 
usually composed of one part of tin to one part 
of lead. For commoner work two parts of tin 
to three parts of lead is sometimes used. For 
higher class work two parts of tin to one part 
of lead. 

The composition of the solder, however, can 
be varied to suit any special circumstances. 
Occasionally a small amount of antimony is 
added to the solder, but on no account should 
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zinc be present in the solder, as this tends to 
make it run very pasty and form a very coarse 
joint. 

If a solder is required of a particularly low 
melting point, then the metal bismuth is added 
to the lead and tin in a proportion of about 
two parts of bismuth to one part of lead and 
one part of tin. 

The fluxes or materials which are used to 
assist the flow of metals are various, but the 
one most commonly used is known as “ killed 
spirits,’”’ this being nothing more nor less than 
hydrochloric acid which is converted into a 
solution of chloride of zinc by adding zinc to 
the acid until it is completely ‘ killed.”’ 

A solution of chloride of zinc is an excellent 
all-round flux, and can be used with all metals 
with the exception, perhaps, of aluminium. Its 
chief disadvantage is that it tends to set up 
corrosion at the joint unless it has been com- 
pletely washed away or neutralized by using 
water in which a little common soda has been 
dissolved. 

On account of the disadvantage named, the 
greatest care should be exercised in using it in 
connection with electrical work. Indeed, it is 
generally the best plan for this purpose to use 
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a flux which will not set up subsequent corrosion. 
Other fluxes used are resin, salammoniac, and 
several paste and liquid fluxes which are put on 
the market. 

The mistake which the inexperienced usually 
make in soldering a joint is to stick the metal 
on like glue or putty, instead of holding the 
soldering-iron long enough against the joint for 
the solder to be properly melted so that the 
solder and metal will firmly adhere together. 
Instead of using the extreme point of the solder- 
ing iron to run the solder on the joint, an edge 
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of the square point should be used to draw along 
the solder. In this way a greater quantity of 
heat will be transmitted to the joint, and thus 
a better and quicker joint made. It should be 
remembered that the most important function 
of the soldering-iron is to give out its heat to the 
solder and to the joint, thus to facilitate a proper 
combination. 

Care must be taken that the soldering iron 
does not get red-hot, or else the tinning on its 
point will be burnt off, or, what is worse, form 
a hard skin of bronze which is somewhat diffi- 
cult to file away. When the soldering-iron is 
drawn from the fire it can be cleaned by quickly 
dipping the point into the spirits, and also in 
this way after a little practice one can judge as 
to its proper temperature. If, when dipping the 


iron into the spirits, much smoke is given off or 


the liquid spurts about, the soldering bit is too 
hot, or if on the other hand small bubbles of 
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spirit adhere to the tinning on the copper, it 
will be found that it is not hot enough. 

After a little practice it will not be at all 
difficult to observe the proper temperature at 
which to use the soldering-iron. k 

If the iron does become overheated, and the 
tin on its surface becomes burnt hard, then it 
should be carefully filed at the point to remove all 
the bronze, and when it has fallen to the neces- 
sary temperature then tin same by dipping 
in the “killed spirits,” and applying a little 
solder to the four surfaces just about the point. 

In soldering zinc or galvanized iron care should 
be taken not to get the soldering bit too hot, as 
some of the zinc will be melted from the surface 
of the sheet and will mix with the solder, 
making the latter very rough. 

In soldering tarnished zinc or galvanized iron 
the spirits should not be quite “‘ dead,” i.e. the 
scrap zinc should be withdrawn from the acid 
before the boiling action has quite ceased. It 
is, perhaps, a better plan to freshen up the 
“killed spirits” by the addition of a small 
quantity of neat acid. 

In soldering copper, brass, and black iron the 
edges of the metal should be carefully cleaned 
before being placed together, and, as a matter 
of fact, before they are brought into contact 
these should be carefully covered over with a 
thin film of the flux, as it should not be forgotten 
that the molten solder will not run on any sur- 
face that has not previously been treated with a 
flux. One of the tests of a good soldered joint 
is that the solder should have run right through 
same, and if this is done a really good solid 
joint will be the result. 

Where surfaces have to be tinned for setting 
together, care should be taken to see that they 
are perfectly clean, then covered with a flux 
and tinned. However, before the surfaces are 
again brought together a slight amount of flux 
should be applied to them, and after placing in 
contact, the joint heated by the ‘application of 
a soldering-iron, blow-lamp, etc., when a good 
solid connection should result. 

Brazed Joints. Every working engineer, in 
addition to being able to make a soldered joint, 
ought to learn the art of brazing, as it can be 
quite easily acquired and applied by the metal 
worker to many simple kinds of jobs. 

Brazing is somewhat similar to soldering, 
except that a much harder solder, commonly 
called brazing spelter, is used, and it is neces- 
sary to apply a much higher temperature to 
form the joint than in the case of soft soldering. 
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When a brazed joint is properly made it is, 


exceptionally strong, in many cases being equal 
in strength to the metal which is brazed together. 
Its chief disadvantages are that it is somewhat 
_ stiffer and harder than the base metal, conse- 
quently, it has a greater tendency to fracture 
under bending. 

The great strength of a brazed joint, as com- 
pared to a soldered joint, is due to the fact that 
the spelter or brass used actually combines with 
the iron or steel to form a distinct compound, 
which firmly combines the spelter with the steel. 
This layer between the brass and the steel is 
really an alloy of copper and iron, and can be 
quite distinctly seen in the photomicrograph, 
Fig. 3. As this photomicrograph showing the 
cross-section of a brazed joint is to 100 diameters 
magnification, it will readily be understood that 
the connecting layer is very thin. 

Brazing methods can be applied to iron, steel, 
copper, and brass, if suitable spelters and fluxes 
are used for the particular metals. 

Several methods are in use for forming brazed 
joints. For band-saws, thick plate, and other 
kinds of articles, the two edges of the metal are 
usually thinned down by filing or grinding in 
the form of a wedge, and in brazing are clamped 
in such a way as to allow the spelter to run 
tight through the joint. 

For thin sheet metal the method shown in 
Fig. 4 is adopted, in which the edge of one 
sheet, in this case marked A, is just nicked or 
cut in, and the clamps as they are called, marked 
C, simply lifted up. The edge of the other 
sheet, marked B, which is not cut at all, is then 
slipped between the clamps, these being care- 
fully hammered or closed down on to the 
sheet B. 

The flux commonly used is powdered borax, 
which is made up into a paste; and when the 
brazing spelter and flux are to be applied 
together, the borax paste and the brazing 
spelter in a fine state of division are carefully 
mixed together. For good brazing, however, it 
is always the best plan to apply a thin solution 
of borax water to the joint and let this run right 
through. It may be taken as an axiom in 
brazing that the molten brass or spelter will 
only follow through those parts of the joint 
that have been first coated with a fluxing 
solution. 

If the spelter is not running properly through 
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the joint it is a good plan to gently tap the 
article which will set up a slight vibration of 
the joint, and thus assist the spelter to percolate 
through same. Also, at the same time, the 
melting spelter should be kept dusted with borax 
powder. 

After brazing, the surplus spelter is removed, 
the spent borax and oxide scaled off, and in 
some cases 1t may be necessary to hammer the 
point. Excessive hammering should be avoided 
as the metal at the joint becomes hard and 
brittle, as at the best it is never as ductile as 
the rest of the plate. 

Where there is danger of the joint cracking 
under pressure it should always be annealed, so 
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that the metal will be soft and thus stretch 
somewhat before coming to the breaking point. 

Whilst for general purposes it is economical 
and convenient to use borax as a flux and mix 
same with spelter, in some cases it is an advan- 
tage to use some of the specially prepared paste 
or fluxed wire mesh which can now readily be 
obtained. 

In some forms of bent joints it is occasionally 
an advantage to use a strip of brass to fix along 
the joint so as to ensure that this will melt and 
flow in the right position. 

In obtaining brazing spelters it is always a 
good plan to state whether they are for iron, 
copper, or zinc, as the composition varies with 
the kind of work that is required to be done. 

Lesson II will deal with the various methods 
of welding that are in operation, 
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MATHEMATICS FOR ENGINEERS 


By W. G. BicxiEy, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXI 
SMALL ANGLES 


THERE are certain facts about the trigonometri- 
cal ratios of small angles which are of great 
importance. and which also show the natural- 
ness and usefulness of the radian measure. 
They are in the nature of approximation 
formulae, and can be obtained quite easily 
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FIG. 90 


from Fig. 90. The arc AP subtends an angle 
6 (radians) at the centre, O, of a circle, and 
PN and AT are perpendicular to OA. From 
this it will be seen that if 0 is small, the lengths 
of PN, AP, and AT will not be very different, 
or, if y is the radius, 7 sin 6, 9 and ¢ tan @ are 
nearly equal. That is, for small angles, both 
sine and tangent are very nearly equal to the 
radian measure of the angle. From tables, we 
again see that this is true— 


6 (degrees) 


@ (radians) sin 0 tan 6 

I O°01745 O°01745 001746 
5 0°0873 0:08 72 0°0875 
10 O°1745 0°1736 0°1763 
30 0°5236 0*5000 0°5774 


We see here that below 10° the agreement is 
good, but at 30° the error is 4 per cent for the 
sine, and 8 per cent for the tangent. We also 
notice that the sine is less than the radian 
measure, while the tangent is greater than the 


radian measure. This means that, in Fig. go, 
PN < PA, and AT > AP: facts which are 
neatly obvious—the first more so than the 
second. By considering areas instead of lengths, 
however, we can make ourselves certain of the 
order of magnitude of these three, indepen- 
dently of tables. For it 7s evident that 
A OPA < sector OPA < A OPT 

or 377 sin 6< 46 < hr tan 0 

i.e. sin0<60< tan 0 
Divide through by sin 6, remembering that 
tan 
in Boe 0, and we have 


6 
SEO. 
sin 0 


Now for smail angles, sec 0 is only a very little 


60 : 
over I, so we see that —— cannot differ from 


sin 0 
i by very much when @ is small. Also, the 


smaller 9 is, the nearer to 1 is sec 0, so that as 
; 6 
the angle 6 gets smaller, the ratio ey; becomes 
more nearly equal to 1; symbolically, 
as 9 +> Oo sin 0 wk 
In the same way, dividing through by tan 6, 


60 : 
we can show that the ratio ian always lies 


between 1 and cos @, so that 
as 6— ey baa 


These results prove that, if the angle is small 
enough, we may use its radian measure for its 
sine or its tangent, while the table above gives 
us an idea of the accuracy of this approxima- 
tion, as the angle gets larger. . For use, we may 
state the formulae 


sin 0 = 6, and tan 0 + 0, if 0 is small. 


(The sign = means “‘ is approximately equal to.”’) 

EXAMPLES. 1. What is the angle subtended 
by a telegraph pole 25 ft. high, at a distance of 
150 yd. ? : 
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Here, accurately, 
height 25 it. 
horizontal distance — 450 ft. 


tan 0 = 


so that, if the angle is in radians, 


25 I 
~ 450 18 
Jn degrees, therefore, 
I 180 
Pin aS ae 


2. Show that, when @ is small, sim (a + 6) 
= sina + @cosa; and obtain an approxima- 
tion to s7m 31° from the known values of sim 30° 
and cos 30°. 


We have, 
sin (a + 6) = sin a cos 6 + cos a sin 0 
Now as @ is small, we have cos 90 = 1 and 
sin @ = 6, very nearly, so, using these, , 

sin (a + 0) = sina + 6 cos a. 
fi w= 30", sin a = 0°5, and cos a = 0:8660 ; 
also, 9 = 1° = 0-0175 radians, so that 

sin 31° = 0:5 + 0:8660 X 0:0175 
+ 0°5 + 0O-0I5I = O'515I. 
(Tables give 0-5150.) 

The cosine of a small angle is very nearly I, 
but its difference from I is sometimes needed. 
We are able to get an approximation to the 
cosine for small angles by means of the fore- 
going. For cos 6 = 1-2 sin? 46, and when 0 
is small, sin 410 = 40, so cos 0 = 1-2 xX (40)? 
= 1-467. Thus, even when 6 = 5° = 0:0873 
radians, this formula gives 

cos 5° =1z-4 X (0:0873)? = I — 0:0038 
= 0°:9962 


a result agreeing exactly with the four figure 
tables. In fact, for an angle as big as 30°, the 
error in this formula is less than 4 per cent. 


EXERCISE No. 34 


1. A pendulum 3oin. long is oscillating 3 in. on 
each side of the vertical. Find, approximately, the 
angle through which it is swinging. 

2. Prove that, approximately, cos (a + 6) =cos a- 
6 sin a, when @ is small, and hence obtain an approx- 
imation to cos 31°. 


_ 3 
3. Show that the formula sin 0 = 0 As gives good 


results for angles as great as 30°. (Later, we may see 
that we can continue this into a series true for all 
angles.) 


1039 


RATES OF CHANGE 


The engineer has much to do with rates—one 
need only mention speed (rate of moving), 
acceleration (rate of change of speed), horse- 
power (rate of doing work), revolutions per 
minute (rate of turning), to make this obvious. 
When these rates are constant, nothmg more 
than simple arithmetic is needed to deal with 
them; but in practice they do mot, in many 
important cases, remain constant—in such a 
case as the speed of a piston of a reciprocating 
engine or pump, for example. To deal with 
these variable rates, mathematical methods 
forming the basis of the differential and integral 
calculus were invented—invented, like so much 
of mathematics, to enable pressing practical 
problems to be solved.. The remainder of these 
articles will be devoted to the calculus, as. far 
as space permits, and with a view to those 
portions of the subject most commonly needed 
in engineering applications. In this lesson we 
shall examine carefully the fundamental idea 
of rates as clear ideas on this are necessary. 

The owner of a smart motor-cycle combina- 
tion was overheard to remark to the passenger 
in the side-car, as they were bowling merrily 
along an open stretch of road, “ We’re doing 
60. now. Pretty good, isn’t it ?”’ What, 
exactly, did he mean? 60 miles per hour, of 
course; but he had to’ slow down for cross 
roads within the next minute. So he did not 
mean that he went 60 miles in one hour; and 
to say that he would have done if he had not 
slowed down is begging the question, for try to 
explain speed by words which imply enough 
knowledge of speed to appreciate what is 
meant by ‘‘ not slowing down ”’ does not explain 
it at all. Actually, of course, he had glanced 
at his speedometer; but this again, is not an 
explanation, any more than one can explain 
what time means by looking at one’s watch. 
No, we have to go back to something more 
fundamental to find an explanation. If you 
were asked to define speed, it is probable that 
you would say that speed is “ distance gone 
divided by time taken,” or words to that effect. 
That is perfectly true, but it takes no account 
of the fluctuations of speed during the time 
interval. Performing such a division gives us 
the average speed in the interval only. To get 
a sound idea of instantaneous speed we have to 
follow up this idea, and shall arrive at something 
slightly different ; a speedometer does not spend 
its time in doing long division sums. 

From the idea of speed as distance divided 
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by time, how are we to arrive at the correct 
idea of instantaneous speed? By reducing the 
interval of time, so that the speed has less 
chance to alter. Suppose we timed the motor- 
cycle over a furlong (as in the days of police 
traps), we should get the average speed in that 
furlong by division. But the speed might have 
varied considerably ; from a standing start, the 
average speed would be nothing like the final. 
But now, suppose we time it over Io yd., or 
1yd., the speed would have had little chance 
to change much. (Admittedly, it is not easy to 
actually time a motor-cycle over these small 
distances with accuracy, but by. means of 
elaborate electrical apparatus, the time taken 
for a rifle bullet to travel a few yards has been 
measured sufficiently accurately for its speed to 
be found to within a few feet per second ; there 
is no logical difficulty in supposing such a 
measurement possible.) For practical purposes 
these last determinations would be all that is 
required, but in fact, strictly speaking, we have 
still found nothing more than an average speed ; 
but over so small an interval that the speed has 
varied so little that the variation is insignificant 
from the practical standpoint. Such an approx- 
imation is not enough for the more exact 
requirements of mathematics, and, with a 
formula, there is no difficulty beyond the labour 
of calculation to prevent our dealing with much 
smaller time and distance intervals. We then 
calculate the average velocity for progressively 
smaller intervals, and find what the velocity 
tends to as the intervals tend to zero. (Note 
here, once and for all, that it is nonsense to say 
that the intervals ‘‘ become equal to” zero. 
In no time, the body goes no distance, no 
matter how fast it moves.) 

We will try to make the process clear by 
numerical work for a falling body. In this 
case, if s represents the distance fallen, in feet, 
in ¢ seconds, we have, sufficiently accurately 
for our purpose, 


s = r6??, 


This equation gives the whole history of the 
fall—where the body is at any time—and so 
will give us sufficient information to find the 
velocity at any time, say, at the end of 2 sec. 
At the end of 2 sec, (f = 2) the body has fallen 
16 X 22=64ft. To find speed we have to 
follow its motion a little farther, that is, to 
find the distance moved in a small interval, 
and then decrease this interval progressively, 
keeping our eye on the speeds to see to what 
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they are tending. Thus, taking an interval of 
O-I sec., and putting, therefore, ¢ = 2-1, we find 
the total distance fallen in 2-1 sec. is 16 x 2-1? 
= 70°56 ft. We now find the distance travelled 
in the tenth of a second by subtracting the 64, 
getting 6-56 ft. The average velocity in this 
6:56 


tenth of a second is (distance/time) 7 


65°6 ft./sec. Now to take a smaller interval, 
say, 0°oLsec. When ¢7= 2-01, s = 64-6410 it. 
Subtracting the 64, we have as the distance 
travelled in the hundredth of a second, 0:6416 ft. 
So the average velocity in the interval is 


06416 
0-01 


= 64:16 ft./sec. Proceeding in this way, 


and carrying out all the calculations with 
absolute accuracy, we get results as tabulated— 


y ; Distance in Average 
pe Ne ‘ | Interval Speed 
Ol 70°56 6°56 65°6 
Orol 64°0416 06416 64°16 | 
O*001 64°064016 0°064016 64°016 
0*0001 64°00640016 0*00640016 64°0016 


We have probably gone far enough to make 
it appear at least probable that, by further 
decreasing the interval, we shall approach 
nearer and nearer to 64, and it is this 64 which 
is the tmstantaneous speed when t = 2. Notice 
that, however small we make the interval, the 
speed is never equal to 64; 64 is only obtained 
as a linut to which the calculated speeds tend. 

This limiting process is fundamental in the 
mathematical study of rates of change, whether 
of speeds or of any other rate, and the student 
should not pass on until he understands and 
appreciates the points raised. 

It will be realized from the above that in 
these questions involving rates of change, we 
shall be dealing very frequently- with small 
intervals, or with small increases, or with small 
differences, and so a symbol to denote these 
will be useful. The one usually adopted is the 
Greek letter 6 (the Greek d, called “ delta,” d 
being the initial letter of the word “ differ- 
ence”). Thus 6¢ means ‘‘a small interval of 
time,” and ds, “a small distance.” (Note that 
6 is not a quantity—we cannot multiply or 
divide by 6, nor can it be cancelled.) 6¢ has to 
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be taken together as meaning “ a small interval 
of time,’’ and similarly with és. Then, for 


average velocity, we must have = It is then 
convenient to have a separate symbol to denote 
instantaneous velocity (or instantaneous rate of 
change in general), and in this the Greek 6 is 
teplaced by the English d. Thus, the symbol 
for instantaneous speed in the above (i.e. 
instantaneous rate of change of s with respect 


ot) is F- 
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In the next lesson we shall go farther into 
ord ds ead 
the way of finding Fy and 3), and similar rates 
of change. 


ANSWERS TO EXERCISES 32 AND 33 
(52) 


2 AS ton Te 


II-52 

. 15°71 if., 94-25 sq. in. 
. O-1612 sq. in. 

- 7-25 8q- in. 

. 182-4 cub. yd. 
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By J. F. Corrican, M.Sc., A.I.C. 


LESSON XIX 
THERMO-DYNAMICS FOUNDED 


SADI CARNOT (1796-1832) 


To Sadi Nicolas Léonhard Carnot, the son of 
Napoleon’s famous General of that name, is due 
in a very large measure the credit of being 
the first investigator to enunciate clearly the 
important law of thermo-dynamics respecting 
the mechanical power of heat. 

Carnot compared the mechanical power of 
heat to the power possessed by a head of water, 
and, as in the latter case, mechanical work may 
be done by the water’s fall from a position of 
high ievel to one of lower level, so also may 
work be performed when a substance is allowed 
to fall from a higher to a lower temperature. 
Carnot showed that this substance whose fall 
in temperature could give rise to mechanical 
work might be a gas, a liquid, or a solid, and he 
pointed out also that the amount of work 
obtained from the heat via the “ working” 
substance is independent of the nature of the 
substance. 

In short, Carnot clearly conceived the idea of 
a cycle of processes or operations through which 
a substance could be passed. He pointed out 
that when a body is subjected to changes of 
pressure, temperature, and volume, and, after 
undergoing this series of changes, is ultimately 


brought back to its original state of pressure, 
temperature, and volume, the contained energy 


Sapt CaRNOT 


of that body is equal to its original energy 
before it was put through the series or cycle of 
operations, 

Here, therefore, arose the basic conception of 
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a cycle of changes through which a substance 
could be placed, a conception which, of course, 
is of the utmost importance in all heat and 
internal combustion engine theory. The par- 
ticular cycle of operations which bears Carnot’s 
name refers to the cycle of changes through 
which an ideal substance, such as a_ perfect 
gas, may be put. Other investigators have 
worked out more practical types of cycles of 
operation which can be applied individually 
to steam, hot air, and internal combustion 
engines, 

Carnot, whose first conception of a series of 
cyclic operations has proved to be of so much 
theoretical importance in the engineering world, 
was born at Paris in 1796. Educated at the 
Ecole Polytechnique of that city, he left that 
Institution in the year 1812, and two years 
later obtained a commission in a French Corps 
of Engineers. Owing, however, to political 
circumstances connected with the downfall of 
his father, L. N. M. Carnot, he resigned from the 
Corps. In 1818 he joined up again with the 
military forces, his appointment being made to 
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the Staff Corps (éat-major) in which body he 
was given a lieutenancy. 

His health failed him, however, and he again 
resigned from the army service, this time to 
give himself up entirely to the prosecution of 
scientific and philosophical research. 

Carnot was really a most brilliant individual. 
Skilled in many branches of science, including 
physics, chemistry, natural history, and even 
political economy, he was an artist as well, 
combining with his scientific activities, the prac- 
tice of music and painting. Sport occupied a 
portion of his time also, and, as an athlete, he 
gained a considerable reputation in the pastimes 
of swimming, fencing, and archery. 

In abstruse philosophical matters, Carnot 
proved to be one of the most original and pro- 
found thinkers of his day. But his numerous 
activities brought him to an early grave. Like ~ 
an ill-regulated flame, his life burned rapidly to 
a close. After much ill-health during the later 
portion of his life, he died at Paris on 24th 
August, 1832, from an attack of brain fever 
followed by cholera. 
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By J. L. Mirrican, B.Sc. (Vict.), M.I.A.E. 


LESSON V 
ENGINE CONSTRUCTION— (contd. ) 


Camshafts. Camshafts have to revolve once for 
each cycle of operations of thé engine, i.e. two 
revolutions of the crankshaft to one of the cam- 
shaft. Both chain drive and gear drive are in 
use for this purpose; chain is the quieter, and 
is therefore desirable, but it occupies more 
length than gears. It is more limited in its 
application, as the centres of the wheels are 
fixed by the number of teeth in the chain wheels 
and length of chain. The size of wheels may 
be determined by some feature of engine design, 
and the chain may not design in nicely. On the 
other hand, if the camshaft is high up in the 
engine, the larger of the two gears becomes a 
difficulty, and an intermediate wheel has to be 
used to obtain reasonable size with low tooth 


velocity. This introduces another trouble, as 
there are two wheels whose mesh can vary. 
Too much fitting of crank bearings may raise 
the shaft and destroy the accuracy of centre 
distances between gears. Sometimes the chain 
is passed round three gears, as shown in F ig. 22, 
the third wheel driving a magneto or dynamo 
which can be slid slideways to adjust the chain. 
Chains are always of the inverted tooth or noise- 
less type. Gears are sometimes made of non- 
metallic material to avoid noise. Paper, linen, 
or vegetable fibres are impregnated with binding 
material and subjected to pressure and, in some 
cases, heat. The resultant material is then 
machined as if of metal. 

There is no question that the valve gear drive 
should be at the back end of the engine as close 
to the fly-wheel as possible, so that the irregular 
drive of the cams should not have to pass 
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through the crankshaft, but is steadied by the 
fly-wheel. The only reason for putting gears in 
front is to make them accessible. 

The drive for overhead camshafts sometimes 
takes the form of a vertical shaft driven by 
spiral gears on the crankshaft, driving the 
overhead camshaft or two overhead camshafts 
by spiral or bevel gears. Such gears are seldom 
quiet as they are usually at the front end, and 
‘subject to the crank vibrations. A very long 
chain with a special method of taking up slack 


_ Ts — 
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is in successful use on several makes of overhead 
valve engine. 


THE SLEEVE VALVE 


There are two types of sleeve valve in use, 
viz., the single-sleeve and double-sleeve. 

If in a cylinder, such as Fig. 23, we have a 
loose head like a fixed piston and reciprocate the 
cylinder at half the engine speed over a travel 
double the height of ports a, the ports or 
openings @ would be opened and closed each 
during a whole crank revolution. If both the 
main crank and cylinder operating crank are 
at the top together, the cylinder ports would 
remain open during one down and one up 
stroke of the piston. If a fixed outer casing 
containing induction and exhaust pipes surround 
this cylinder, both inlet and exhaust will be 
open to the cylinder together. So far we have 
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considered one moving cylinder (called a sleeve, 
the outer casing being called the cylinder, 
though not truly the working cylinder). The 
““single-sleeve ’’ engine times the opening of 
inlet and exhaust ports by partially rotating 
the sleeve during two main crank revolutions, 
so that the sleeve ports are opposite the exhaust 
port while the main piston is rising and sleeve 
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Fic. 23. DIAGRAMMATIC VIEW OF SLEEVE ENGINE 


descending, and opposite the inlet port during 
the following stroke of the piston. A point on 
the sleeve travels in an almost circular path. 

In the case of the double-sleeve engine (Fig. 
24), there is a second sleeve between the inner 
sleeve and the main block carrying the piping, 
etc., and this is operated by a second crank 
nearly at right angles to the inner sleeve crank 
and following it. When the inner sleeve is 
going down the lower half of its travel and the 
ports are open below the head, the outer sleeve 
is coming down the upper part of its travel and 
a port on the exhaust side is open to the exhaust 
port on the inner sleeve and to the cylinder 
port. In the lower half of the following up stroke 
of the sleeve and down stroke of the piston, 
the ports are still open in the inner sleeve, but 
the outer sleeve is still travelling down and a 
port on the inlet side is open to the inlet pipe. 
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The sleeves in the single-sleeve engine are 
operated by a shaft running at half engine 
speed, which drives by special gears into short 
cross-shafts, one to each valve, or by an “ angled 
crank’ shaft. In the double-sleeve engine 
there is a valve shaft with two small cranks to 
each cylinder. 

There is still considerable controversy with 
regard to the merits of sleeve engines. They 
have set a high standard of silence and of 
endurance, due to the absence of poppet valves 
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distillation of crude petroleum or mineral oil. 
There are many brands which vary in composi- 
tion. It usually has a density of -740 to +760 
times that of water, and the lighter constituents 
evaporate at comparatively low temperature, so 
that its density increases slightly if much 
exposed to the air in warm weather. 

It is a Highly Dangerous Liquid to Handle. 
There are many legal requirements regarding it 
which are relaxed when it is used in the tank of 
a vehicle. Familiarity has too often bred con- 
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Fic. 24 
Diagram 1 shows the inlet port opening and the exhaust port closing at the beginning of the suction stroke. 


The inner sleeve is rising and the outer sleeve is descending. 
Diagram 2 shows the exhaust closed and the inlet closing at the beginning of the compression stroke. 


The 


ports in the inner sleeve are passing up into the cylinder head, where they are sealed by the junk ring during 
the period of maximum pressure and temperature at the beginning of the firing stroke (see Diagram 3). 


Diagram 4 shows the exhaust already well opened at the beginning of the exhaust stroke. 


now again moving to the position shown in Diagram 1. 


The sleeves are 


The complete cycle of operations—suction, compression, firing, and exhaust—occupies two revolutions of the 


crankshaft. 


and springs. Owing to the shape of the com- 
bustion chamber much higher compressions can 
be carried without pinking than with side 
valves, and there is an absence of carbonizing 
with its attendant cost of cleaning. One draw- 
back is the somewhat higher first cost and higher 
oil consumption. During recent years, both in 
Europe and America, great changes have 
occurred in the manufacture of both types of 
sleeve engines, and the competition is likely to 
be more severe than heretofore. 

Owing to the smoother drive, chains on sleeve 
valve engines are not subject to the same 
shocks as on poppet valve engines, and are 
almost always without adjustment. 


FUELS 
Petrol. The commonest fuel is an indeter- 
minate mixture of hydrocarbons, known as 
motor spirit or petrol.t It is obtained by the 


1 Petrol is the trade-mark of one manufacturer, but 
it has come into colloquial use for all. Other makers 
use the term Motor Spirit, 


tempt of its dangers, and many lives have been 
lost through carelessness in handling it. No 
naked light should be brought near it. 

Benzole, which is a by-product of the car- 
bonizing of coal, either in a coke oven or at a 
gas works, is also used, seldom alone but 
generally mixed with petrol. Benzole will 
freeze and is very difficult to vaporize at low 
temperatures. On the other hand, it does not 
pink like petrol until higher compressions are 
used. It is more economical in use, and is now 
sold at prices comparable with petrol. 

Ordinary Paraffin Lamp Oil has. been used, 
but requires much care in its vaporization and, 
unless the cost of spirit is very greatly in excess 
of that of paraffin, the latter stands little chance 
of use, even on commercial vehicles. 

Alcohol, either mixed with petrol or with 
benzole, is extensively used on the Continent as 
fuel. The great extent to which the revenue 
of Great Britain is derived from taxes on 
potable alcohol has prevented the development 
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in this country, owing to the fear that such 
spirit would be used in a dutiable manner. 

During the war, coal gas, both compressed 
and uncompressed, was tried, and in case of any 
greatly increased cost of liquid fuel may re-enter 
the field as a competitor. 


CARBURETTORS 
The simplest type of carburettor is as shown 
in Fig. 25. Air passes to the engine through a 


Needle valve to 
adjust jet size 


Fuel tank 
Fic. 25 


smooth reduced pipe called a Venturi tube. 
Fluids in motion possess energy due to their 
velocity (kinetic energy) and to their pressure 
(potential energy). li by reducing the bore of 
the pipe (as in the Venturi tube) the velocity 
increases, the total energy remains the same, 
but the kinetic energy having been increased, 
the potential energy is decreased and the pres- 
sure is reduced; this is a well-known theorem 
in hydraulics. 

As the pressure at a is less than at 6, which is 
atmospheric pressure, the fuel in c will be blown 
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by the atmospheric pressure above it into the 
Venturi tube and mixed with the air. The 
varying speeds of the engine cause variation in 
the speed of the air and the petrol flow. 

If such arrangement as Fig. 25 is used (as 
it is on some cheap agricultural engines), it is 
found that the proportion of petrol to air rises 
as the air velocity rises, so that a jet which 
supplied enough petrol at I,000 rev. per min. 
will supply too much at 2,000 r.p.m. Also at 
starting, the air speed when turning the engine 
slowly will not lift any petrol. To control the 
engine speed, throttle valves are now in universal 


Petrol from tank 


Fic. 26. Stmpre FLOAT VALVE 


use. They are simple shutters in the induction 
pipe, or rotating valves, which regulate the 
supply of mixture, and are usually combined 
with the carburettor as they are often used to 
control the quality as well as quantity of the 
mixture. 

In order to maintain a constant level in the 
chamber feeding the jet, it is made as shown 
diagrammatically in Fig. 26, a float and needle 
valve closing the inlet when the level is at a 
determined position, usually just below the jet 
orifice. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, 


LESSON XX 


Checking. We have already suggested that the 
test of a good machine drawing is to send it to 
the shops ordering the details embodied on the 
drawing. If the drawing is good the craftsman 
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viewpoints, the practice of the workshops is 
not the least important. 

It is evident, from the above, that a certain 
amount of self-criticism is necessary when 
making a machine drawing. Further, in criti- 
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will make the parts as required without query 
or help from the drawing office. If the draw- 
ing is poor then we may expect requests for 
further information, or possibly a finished part 
failing to take its place in the machine. It 
follows that, to meet the above requirements of 
a good drawing it is necessary, when making 
the drawing, to look at the detail from more 
than one angle. Moreover, of the various 


cizing a drawing we ought to keep within prac- 
tical limits. Remove the limitations of shop 
practice, and any drawing, however good, is not 
beyond criticism. If we remember that the 
true function of criticism is creative, and not 
destructive, we may end our study in acquiring 
the technique of good machine construction and 
drawing. : 

Interference. One of the most common and 
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often the least obvious of errors made in 
machine drawing is the interference of machine 
parts. Fig. 1 shows a cast-steel boss for a 
three-bladed propeller. It will be seen that 
each blade is secured to the boss by seven studs. 
Further, it will be observed that the studs for 
each blade are arranged in the same position 


relative to the centre line of the blade. It 
follows that the three studs marked L lie in the 
same vertical plane, and the three studs marked 
M occupy a common vertical plane. The 


sectional end-elevation shows the studs marked 
L, but does not show the studs M. We are, 
therefore, without a view showing the proximity 
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of the studs L and M. If we draw an outside 
end-elevation of the boss showing the above 
studs to dotted lines, Fig. 2, then we observe 
an apparent interference of the studs. The 
above apparent interference would exist if the 
studs were arranged in the same vertical plane. 
To check for interference we may draw a large 
scale outline of the two adjacent studs, as in 
Fig. 3. Proceeding with an end view giving an 
outline of the plane ab, taken through the stud 
L together with an end view of the adjacent 
stud M, we find an interference of view to the 
extent of the closely shaded area. This is 


1047 


obviously an error, and to avoid the above 
interference it will be necessary to re-arrange 


the studs. A suggested correction is shown in 
Fig. 4. 
Correspondence. A drawing may be quite 


correct within itself and yet leave the detail 
failing to agree with the adjoining machine part. 
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It follows that a drawing must often be con- 
sidered as component to a second drawing and, 
as such, requires a mutual criticism. An 
example of the above point is given in Fig. 1, 
where the taper of the cone in the boss is given 
in terms of a difference in diameter for the length 
of boss. The adjoining part in this case is the 
propeller shaft (Fig. 5) and, the lengths of cone 
being different, this form of dimensioning would 
make it difficult to obtain the degree of accuracy 
required for this important fit. The more con- 


Taper |1n 12 on DIAMETER 
Fic. 5 


venient form of dimensioning is to give the angle 
of the cone in terms of a taper, e.g. taper = one 
in twelve on diameter. Adopting this method 
for both the boss and the adjoining shaft only 
one diameter need be given in each case, and the 
difference in length of cone in the two adjoining 
parts does not now necessitate a careful deter- 
mination of the second diameter. , 
Omission. As a further example in checking 
we will take the detail drawing of the piston-rod 
and crosshead shown in Fig. 6. We may first 
examine the drawing for completeness. The 
omission of information may prove both time 
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wasting and annoying to the shops, and freedom for lifting the piston-rod, a requirement when 


from this fault is most desirable. 


We must overhauling the engine. To correct this omis- 


distinguish between the common and the sion we may show a hole in the rod end tapped 
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exceptional in deciding what may be omitted 
from a drawing. In the above drawing it will 
be observed that no detailed dimensions are 
given either for the 
crosshead bolt nuts 
or the usual provi- 
sion, in the form 
of a split pin, 
against the slacking 
back of the nut. 
The former omis- 
sion may be con- 
sidered to be in 
order if the nut is 
os a standard design 
SECTION THRO @.0:(FIG6) of which the shops 
Fic. 7 have _ particulars. 
Regarding the 

latter omission it is not probable that the size 
of split pin will be standardized, and so this 
omission is not allowable. An omission of a 
technical nature occurs in the lack of provision 


DRILLED To SuIT 
Ou. Box 


gin. diameter, 1} in. deep, to take an eyebolt. 
A further technical omission occurs in the 
absence of provision for the supply of oil to the 
bearing. This omission may be rectified by 
adding the sectional view of the rod, as shown 
in Fig. 7. ; 

We also observe that the dimension of the 
shank where it enters the crosshead body 
suggests a rectangular instead of a circular 
section. For completeness, the corresponding 
diameter should be substituted for this dimension. 

In addition to the above we observe an error 
common to the previous example, Fig. 1, ice. 
the taper of the piston-rod is givén in terms of 
two diameters over a length of rod. Again, the 
safer and more convenient method of dimen- 
sioning would be to specify a taper of one in 
four on diameter. 


EXERCISE 


We advise the student to make working drawings 
of the two details, Figs. 1 and 6, corrected in accord- 
ance with the above criticism, : 
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By Geo. W. Birp, Wu.Ex., B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON XX 
ELEMENTS OF MECHANISM 


Work. We often speak of having performed 
work when we are physically or mentally tired, 


Movemenr 


Fic. IIo 


but the engineer’s use of the term work is of 
more limited application. Work is only done 
when a force, acting upon a body, produces 
motion of the body. When the body moves in 
the direction in which the force acts, the amount 
of work done is given by the product of the 
force acting and the movement of the body. If, 
however, the movement of the body is not in 
the direction in which the force acts, Fig. 110, 
then the work done is measured by the product— 


Force acting x movement of body x 
cosine 6 ‘ ‘ : ath 


where @ is the angle between the line of action 
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of the force and the direction in which the body 
moves. 

If the force is a variable one, the work done 
by its application is conveniently found from a 
diagram, in which are plotted the forces acting 
and the corresponding distances which the body 
has moved from some agreed starting-point. 
As an example, we may consider the work done 

67—(5+32) 2 


by a locomotive in drawing a train. The draw- 
bar pull may vary considerably, depending upon 
the weight of the train, the various frictional 
resistances, the gradient, etc., but if we know 
the drawbar pulls for a series of train positions, 
we can plot these, as in Fig. 111, and so obtain 
a diagram, the area of which represents the work 
done by the locomotive between the two 
extreme train positions considered. 

Example. A trial of a locomotive for the 
purpose of recording the tractive efforts at a 
series of distances from the start yielded the 
following results— 


Tractive effort lb. - |3,710 | 3,100 | 2,500 | 1,795 


Distance from start yd. — 180 205 280 360 540 


Tractive effort lb. ; goo 300 235 205 150 —_ 


Distance from start yd. 800 | 1,200 | 1,600 | 1,800 


These values of tractive efforts and distances 
are plotted in Fig. 112, and give us a diagram 
ABCD, the area of which represents the total 
work done by the locomotive in hauling the 
train a distance of 2,240 yd. The area ABCD 


Tracrive EFFORT, LBS. 


DISTANCE FROM START, YARDS 


FIG, 112 


can be obtained by means of the planimeter, 
and using the scales employed for distance and 
effort respectively we find that the total work 
done by the locomotive is 6,075,000 ft.-lb. 


CIRCULAR MOTION 


If A (Fig, 113) represents a body which is 
constrained to move in a circular path when 
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acted upon by a tangential force P, then the 
work done by the force P in turning the body 
through the angular displacement 0 


= P< aro A,A,=PXR x8 
= torque Xx angular displacement of body. 


If the torque is constant, the calculation of the 
work done is simple, but if, as we usually find 
in practice, the torque is varying, then the total 
work done can be estimated by plotting a series 
of values of torques and the corresponding 
P 
A, 
Az 


P 
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angles turned through, the net area of the 
figure so obtained represents the amount of 
work done. An instance of this kind occurs in 
the reciprocating engine, in which the turning 
moments or torques applied to the crankshaft 
when plotted to a crank angle base give a 
diagram of the type shown in Fig. 114. 


POWER 


In estimating the capacity of a prime mover 
or machine for a particular purpose, we find it 
necessary to take into account the element of 
time; we wish to know, not only the {otal 
amount of work done, but the time interval 
during which this work is done. This intro- 
duces the notion of a time rate of doing work, 
which we term Power. The usual mechanical 
umt of power is 1 h.p., which is equal to 
33,000 ft.-lb. of work performed in a time 
interval of I minute. The electrical unit of 
power is a kilowatt, and since 746 watts = r h.p. 


Tig ee h 
. = 746 = E34hp. 


ENERGY 


When work is to be done, we find it necessary 
to call upon some body which either possesses, 
or can be given, a store of energy. Fuels of 
all kinds, water under suitable circumstances, 
wind, etc., are examples of sources of energy 
of which the engineer makes frequent use, 
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transforming and transmitting the supply to 
suit his needs. We shall, at this point. restrict 
our study of energy to the two forms, Potential 
Energy and Kinetic Energy, using these terms 
in a mechanical sense. 


POTENTIAL ENERGY 


The store of potential energy which a body 
possesses comes about in virtue of its position 
relative to some other body, or, as in the case 
of a strained spring, the potential energy store 
comes about by one part of the spring being 
forced into a position nearer to or farther 
away from the other part of the spring against 
a variable force produced by internal stresses in 
the material of the spring. Alterations in 
lengths and shapes of bodies due to applied 
forces represent, under certain conditions, stores 
of energy, but we seldom use these energy stores 
for the purpose of doing work, referring to them 
more often as cases of strain energy. A reser- 
voir of water situated in some elevated position 
amongst the hills, or a tank of water on the 
top of a tall building furnish us with an example 
of a body, water in this case, which, because 
of its position, possesses a store of potential 
energy. By a suitable arrangement of pipe 
lines we can lead the water down to a turbine 
and so cause it to do work for us. Neglecting, 
for the time being, all frictional and other losses, 
we may say that every pound of water, as it 
arrives at the turbine brings with it a store of 


TORQUE 
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energy = I lb. x (ft. (lb. and ft. being our 
usual units), and this will be due to the original 
position of the water having been / ft. above the 
level of the turbine. Our expression for poten- 
tial energy then is 


potential energy = W x h. 


and is conveniently measured in foot-pounds. 

ExaMPLE. The monkey of a pile driver 
weighs 0-25 ton, and, when in-action, is allowed 
to fall vertically a distance of 6 ft. before coming 
into contact with the head of a pile which it 
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drives a depth of 8in. Determine the average 
resistance offered by the pile. 


Total distance moved by monkey 
= 6% ft. 

.. loss of potential energy 
=Wxh 
= 560 lb. x 6} ft. 


and this is available for the purpose of doing 
work in driving the pile ; hence 


W xX h = average resistance of pile x 


movement of pile 
; ‘ 8 
or 560 X 6% = average resistance of pile x a 


*, average resistance of pile 
560 X 20 X I2 


= 3x8 = 5,600 lb. 


KINETIC ENERGY 


A body in motion possesses a store of energy 
which we term Ainetic, and in bringing the body 
to rest we can cause the body to do an amount 
of work equivalent to its store of kinetic energy. 
Conversely, in setting the body into motion, 
it is necessary to give to it the same amount 
of energy which it will then store as kinetic 
energy. We have shown in Lesson XVIII, 


that 


where v is the velocity of a body which has 
fallen freely, or, has been subjected to a constant 
velocity-acceleration of g whilst moving a 
distance of x ; 


v2 == 29% 


a, ae : ; para) 


Also we know, that, in accordance with the 
principle of the conservation of energy, a body of 
mass W, in falling a vertical distance x, reduces 
its store of potential energy by an amount Wx, 
and increases its store of kinetic energy by an 
equal amount ; hence, multiplying each side of 
(1) by W we may write— 

ta 
28 


F We 
Thus, we obtain the expression, Oe" for the 


= We 


kinetic energy store of a body whose weight is W, 
when moving with a velocity v. 

If the motion of the body is linear, then the 

2 

fag * 


expression K.E. = is in a convenient 
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form, but, in cases of circular motion, fly-wheels, 
rotors, etc., the expression can be put into a 
more convenient form as follows— 

a me Wee K.E. = store of kinetic energy in 
eyes Tae ft.-Ib. (usual units). : 
Ww v = linear speed of body in feet 
== per sec., measured at a dis- 
tance ‘‘ k ”’ from the centre of 
rotation. 


k = radius of gyration of rotating 
body. 
@ = angular speed in radians per 
second. 


ToTaL K.E. 


In the case of, say, a fly-wheel of a 
stationary engine, the centre of rotation is @ 
fixed point and the K.E. store is given by the 
Wr 
Saya if, however, the centre of 

5 


expression, 


rotation of the wheel is itself in motion, as in 
the case of, say, the wheels of a locomotive, 
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then the wheel contains a further store of 

Wo,? | 

K.E. = 2g 

of the wheel centre, and hence the total K.E. 
We? Wo," 


nee + 2g’ which may also be written 


where v, is the linear velocity 


Wv,? 

total K.E. = 4Jw? + aa ; 

Examp_e. A solid C.J. disc fly-wheel is 

4ft. 6in. diameter and 6in. thick. Calculate 

the K.E. stored in the wheel at 350 r.p.m. 
r cub. in. of C.I. weighs 0-26 lb. 

We must first find the radius of gyration , 
treating the wheel as a circular lamina, as 
follows 

aa A Be 


staat 
8 
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Where i4 = area of a circle 4 ft. 6 in. diam. 


and J = polar moment of inertia of this circle. 


ne D?x 
Weight of the wheel = W = a, x thickness 


x weight per unit volume = 3,575 lb. 
KE. =4lo* = § Miw* 


role 


W 
a R2@? 
5 

3575 45 xX 4'5 

32-3 8 

250 2mN\c 

ON R66 
= 188 800 ft.-lb. stored in the 
fly-wheel. 


th) 


EXAMPLE. The fly-wheel, mounted on the 
main shaft of a marine oil engine, weighs 
5 tons, and may be regarded as the equivalent 
of a solid C.I. disc of 6ft. 6in. diameter. 
Calculate the total store of K.E. in the wheel 
when the engine is running at 81°75 r.p.m., 
and the motor vessel is making 11-68 knots. 

The total K.E. will be the sum of the K.E. due 
to the rotation of the wheel about its own axis 
together with the K.E. due to the movement 
of the fly-wheel as a part of the vessel ; or, 


22 


total K.E. = 4Jw*% + 


As in the previous example, kh? = a 


e425 


== (ft.)? units : : : or) 
81-75 X 2n\? 
we eta a (o-qasn\i. 2 eG) 
1168 x 6080\? 
he ( Easci6o ) (ita SCCh are (3) 


Substituting (1), (2), and (3) in the following 
expression 


: Wy” ; 
total K.E. = 4 Iwm* + 2g! we obtain 
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total K.E. 

_ [fy . 5X 2240 X 42:25 X (2-725)? 

aps 32:2 x 8 

1, DX 2240 II-68 x 6080\? 
a 32:2 60 X 60 | 

total K.E. = 67,330 + 67,690 

» 9» = 135,020 ft.-lb. 

Example. An engine develops 350 h.p. when 


running at 180 rpm. If the fluctuation of 
energy in the fly-wheel is equal to ;', of the work 
done by the engine per revolution, and the 
fluctuation of speed is + I per cent of the mean 
speed, determine the necessary weight of the 
fly-wheel, the radius of gyration of which is 
3-2 ft. ; 


359 X 33,000 


Work per revolution = as 
. 350 X 33,000 
+4; work per revolution = ———>—9-— 6 ihe 
= ee 


and this is the difference between the maximum 
and minimum K.E. stored in the fly-wheel, 
Of, KEE ye Kobe 


TSO 2 c 
Mean speed = Sey ah 6x radians per sec. 
Fluctuation in speed = + -oI X 6x radians 
: per sec. 
.. maximum speed = I-01 X 67 radians 
: per sec. 
and minimum speed = 0:99 X 6x radians 
per sec. 


K.E. max — K-E.mm = $1[(max. speed)? — 
_ (min. speed)?] 


VW 


jag X 32X32 


[(x:01 X 6x)? - (0:99 X Or)?] 
*, W = 2,838 lb. weight of fy-wheel. 
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LESSON VII 
CONSTRUCTIONAL DETAILS 
OF IMPULSE TURBINES 


Nozzle Box. This detail is constructed in an 
almost endless variety of forms, and its arrange- 


Fic. 25. Cast STEEL Piper SECTION 
NozzrE Box 


ment and shape are influenced to some extent 
by the system of governing adopted. 

When superheated steam is used it is fre- 
quently made a separate steel casting, as shown 
in Fig. 25, which shows a nozzle box or steam 
chest for a Metropolitan-Vickers turbine. The 
nozzle box is only attached to the casing by 
the large flange at the inlet end. The other 
portion of the nozzle is free to expand. 

Another example is illustrated in Fig. 26, 
which shows a cast steel nozzle box for a marine 
turbine. The nozzle box is let into a rectangu- 
lar opening in the cast-iron casing, and its flat 
sides are supported against the pressure differ- 
ence by the screwed stays as shown. 

Nozzles. For very small turbines in which 
only one or two nozzles are required, the 
nozzles are constructed separately, and are 
often circular in cross-section. This does not 
produce the best form of jet from the turbine 
point of view, but it obviously simplifies manu- 
facture. 

In larger machines the power required is 
such as to necessitate a somewhat greater num- 
ber of nozzles, and a type of construction 
often adopted is illustrated in Fig. 27. The 
nozzle casting a is segmental in form, and the 
nozzles proper are formed by “‘ casting-in ”’ the 
sheet metal vanes b, which have been previously 


bent to the correct shape. The vanes b are 
set in the mould at the correct angle (being 
embedded in the core) and, when the metal is 
poured into the mould, the vanes become 
firmly embedded in the casting. With vanes 
of uniform thickness ¢, the channels between 
the vanes form convergent nozzles suitable for 
expansion down to the critical pressure. 

Convergent-divergent nozzles can be con- 
structed in the manner described above by 
varying the thickness of the vanes. There 
are various other methods of constructing the 
first stage nozzles of both the convergent and 
the convergent-divergent types, but limitations 
of space prevent any reference to them. 

The nozzles in diaphragms are also most 
generally formed by “‘ casting-in”’ sheet metal 
vanes. 

Diaphragms. The various “cells” of the 
turbine are separated by partitions or dia- 
phragms. Almost invariably diaphragms are 
in halves, although some makers construct 


Witty 


Cast Iron 
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them in one piece. While the latter construc- 
tion gives greater strength to the diaphragm 
to resist the forces due to pressure difference, 
it greatly increases the difficulties of erection 


1054 


and inspection. The diaphragms must be 
“threaded on”’ to the shaft alternately with 
the discs, the complete system of rotor and dia- 
phragms being then lowered into the bottom 
half of the casing. 

When the diaphragms are constructed in 
halves, the top halves are attached to the top 
half of the casing, and are raised with it when 
the turbine is opened up for inspection. The 
joint between the two halves of the diaphragm 
is scraped, and there is also a spigot and recess. 
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very small clearance in which the steam is 
throttled. In other words, the steam first 
acquires a certain velocity owing to expansion, 
the kinetic energy so acquired is then recon-, — 
verted into heat in the ‘‘ pocket ’’ between the 
two packing strips, and the steam then under- 
goes a further expansion while passing through 
the next clearance space.. The number of 
throttlings is thus equal to the number of pack- 
ing strips, and the greater the number of such 
strips the lower the velocity acquired at each 


End View. 


Development on Line AA. 
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For temperatures below about 400° F., cast iron 
is the material usually employed, above that 
temperature, cast steel. The vanes are of mild 
steel or nickel steel. 

Leakage of steam between the bores of the 
diaphragms and the hubs of the rotors is mini- 
mized by some form of gland. The commonest 
form is the well-known labyrinth gland, some 
examples of which are shown in Fig. 28. Per- 
haps the term “ labyrinth ”’ is rather an unfor- 
tunate one, because it tends to convey the idea 
that leakage of the steam is made more difficult 
owing to the tortuous path which the leaking 
steam must take. This, however, is not the 
principle on which labyrinth packing works. 
The essential feature is that there must be a 
number of thin strips of metal placed in close 
juxtaposition to the shaft with, therefore, a 


throttling, and the smaller the rate of steam 
leakage. 

Referring to Fig. 28, (a) shows a simple -type 
of gland in which four strips of gun-metal are 
fitted directly into the cast-iron diaphragm. 
The strips are secured by caulking and they are 
bored out to a fine edge, which is initially 
allowed to run in contact with the rotor hub. 
The rotor thus wears its own clearance, and the 
leakage area is the least possible. © 

(b) shows another variation in which two 
packing strips are caulked into a separate ring, 
the ring being dovetailed into the diaphragm. 
This construction has the advantage over that 
shown in (a) that if, for any reason, the packing 
strips should be badly damaged, then they may 
be renewed with much less trouble. 

(c) shows the type of diaphragm gland which 
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is fitted in multi-stage turbines constructed by 
the Aktiebolaget de Lavals Angturbin (Swedish 
de Laval Steam Turbine Company), An 
S-shaped ring of Siemens-Martin steel is fitted 
to the bore of the diaphragm, and carries a 
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tension of the garter spring without any con- 
siderable damage being done to the fins. 
Segmental rings of carbon are also used for 
diaphragm glands. The segments are held up 
to the shaft either by garter springs or plate 
; springs attached to the back 
of the segments. Scarfed 
joints are used as in Fig. 
28 (d). 
External Glands. Present- 
day constructions of external 


pees glands may be classified as 


follows— 


(a) Labyrinth glands. 


(0) Water-sealed glands. 
(c) Combined labyrinth 
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number of packing strips pitched about } in. 
apart. 

A still more elaborate gland is shown in 
Fig. 28 (d). It comprises three segmental gun- 
metal rings, B, C, and D, provided with a num- 
ber of fins on their inner surface and held in 
contact with a lip £, machined on the diaphragm, 
by means of garter springs F and G. The 
clearance between the hubs of the wheels and 
the fins is made about o-or to o-o15in. To 
prevent leakage between the segments a 
scarfed joint is used as shown. Should the 
shaft whip for any reason, the packing rings 
may be forced outwards against the slight 


Section on AA. 


and water-sealed glands. 
(d) Carbon packed glands. 
A good example of a laby- 


F rinth gland suitable for the 


high pressure end of a steam 
turbine is shown in Fig. 29. 
This type of gland is used 
in turbines constructed by 
Messrs. Fraser & Chalmer’s 
Engineering Works. It com- 
prises a forged steel sleeve 
A pressed on to the turbine 
spindle, a forged steel box C 
fitted into the bore of the 
turbine casing, and three 
steel rings EF, F, and G, 
which are held in position 
by the outer casing D. A 
large number of fins are 
turned on both fixed and 
moving parts of the gland 
as shown, and the clearances 
between the running and 
stationary parts are made as 
small as possible. By far 
the greatest number of constrictions is pro- 
vided between the inside of the turbine 
casing and the first pocket. High pressure 
steam leaking past the fins in C and E 
reaches this pocket, and is led by the pipe 
shown into a stage in the low pressure part 
of the turbine in which it may do useful 
work by further expansion to the condenser 
pressure. The second pocket communicates 
with the atmosphere by means of a vapour 
pipe. At very light loads, the pressure in the 
high pressure part of the turbine casing may, 
in some cases, be lower than that of the atmo- 
sphere, and in order to prevent air leakage into 
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the turbine casing, live steam will then be 
supplied to the first pocket. Some of this steam 
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will leak into the atmosphere, the remainder 
will leak through into the turbine. 

The amount of steam which leaks through 
the high pressure gland of a turbine depends 
upon the design of gland, and upon the size of 
machine. In machines of moderate output it 
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will not usually exceed 1 or 2 per cent of the 
steam consumption at full-load. 

Fig. 30 is a diagram illustrating the construc- 
tion and principle of the water seal as used at 
the low pressure end of steam turbines. An 
impeller or paddle A is attached to the turbine 
spindle and runs in a circular casing B. Water 
is supplied from an overhead tank to the casing 
B, and on entering the casing the water takes 
up a rotary motion which is imparted to it by 
the paddle. Owing to the centrifugal force on 
the water, the free surfaces at each side tend 
to remain at the same radial distance from the 
shaft axis. If, however, the pressure at one 
side, e.g. the exhaust branch side, of the gland 
is lower than that at the other side, then the 
radius 7, will be less than the radius 7,, and the 
centrifugal force on the annular ring of water 
between the radii 7, and 7, will just balance the 
pressure difference p,—,. The radii 7, and 
7, adjust themselves automatically when the 
turbine is running so that the pressure in the 
vortex at the radius 7, is equal to the head of 
the water in the supply tank above the gland. 

The water seal is probably the best possible 
type of gland for the low pressure end of the 
turbine, as atmospheric air cannot possibly leak 
into the turbine. It is frequently used for seal- 
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ing off the pocket in high pressure glands, and 
has the advantage of preserving cool bearings. 

Carbon rings are very frequently used for 
external glands. The rings are usually arranged 
in three segments, and the other arrangements 
are similar to those for labyrinth glands. 
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By Josrera G. Horner, A.M.I.MEcu.E. 


LESSON XVII 
THE MILLING MACHINES 


Early Designs. When the writer was an appren- 
tice there were no milling machines in English 
shops—those engaged in the manufacture of 
small arms excepted. Now they are as ubiqui- 
tous as any other groups. But the earlier tools 
were puny weaklings compared with the present, 
and were confined to two only, the Lincoln, and 


Fic. 116. Sprrat SHELL MILL 


the pillar and knee designs. Some types, now 
common, had not come to birth. The cutters 
were only suitable for fine finishing, they could 
not rival the single-edged tools for quantity 
production. The fault of all the early cut- 
ters, following the first by Vaucanson in the 
eighteenth century was the crowding of the 


GANG STRADDLE MILL 


IRGy LEZ. 


finely-pitched teeth which left insufficient space 
for chips. But that held the germ of present- 
day vastly developed forms. The: first very 
crude machine was designed for the use of gun- 
makers in 1818, to finish surfaces prepared by 
the fitters. No real headway was possible until 
emery wheels were used for grinding the teeth, 
for previous to that the temper was drawn and 
the teeth sharpened with a file. 

In the evolution of types, the Lincoln miller 
was the earliest. Much later the pillar and 


knee machines, with universal functions were 
designed, both having horizontal spindles, and 
using edge cutters. Then developments and 
specialization followed rapidly. Vertical spindle 
machines were introduced, employing both edge 
and end mills, and then plano-millers, a direct 
challenge to the planing machines, built mainly 
after these models, and using both edge and 
face mills. Attention was directed to increasing 
the slogging capacities of cutters, in all machines, 
and to the extension of profile milling by the 
building up of gang mills to deal with broad 
surfaces having irregular outlines, combinations 
of plane, and curved sections. 

The Cutters. The advocates of milling in the 
early days laid emphasis on the obvious facts 
that a milling tool has multiple edges which cut 
continuously, and that there is no lost stroke 
as in the reciprocating tools. Both are real 
gains, but they are largely discounted, because 
with increase of edges the depth of cut is corre- 
spondingly reduced, and the loss of time conse- 
quent on reciprocations in planers has been 
immensely lessened, and, economies have been 
multiplied relatively to the output produced 
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during a cycle of cutting and return with modern 
machines. 

All the early cutters were pitched too finely 
with the object which seemed then of chief 
importance, that of increasing the number of 
edges. But. the chip clearances were reduced 
proportionately with choking of the spaces, 
increased friction, and reduction of the depth 
of cut. Such tcols nibbled only, they cculd 
not remove much material, and were liable to 
spring and produce distortion of the work. 
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Spacings are now increased, and with other 
improvements in the shapes of the teeth, the 
frequent adoption of front rake, the increase in 
the size of arbors, the better support afforded 
to them, the growing employment of face 
cutters, the increased rigidity of machine con- 
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struction, the use of volumes of cooling liquids, 
and a more intelligent appreciation of general 
working conditions, have combined to render 
the milling cutters of to-day excellent roughing, 
as well as finishing tools. Generally, special 
cases apart, the same cutters are used for rough- 
ing and finishing, and for all metals and alloys. 
The special cases are those where very heavy 
duty is desired, and where work is highly 
repetitive. 

It has been demonstrated that coarsely- 
pitched cutters remove thicker chips, with less 
expenditure of power than those with fine 
pitches do. The only merit of finely-pitched 
tools is, that they leave a smoother surface 
than the others do. It is not usual to impart 
front rake to the teeth of the smaller cutters, 
nor is it adopted much in the formed cutters 
which are ground on their faces, and used for 
- curved and irregular outlines, and gear teeth. 
But inserted tooth cutters for heavy duty 
nearly invariably have angles of front rake, 
similar and equal to that imparted to the 
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single-edged tools. The angle of clearance is 
small, say, from 3 to 7 or 8°. 

The edge mills are the earliest, and still are 
the largest group of cutters used. The teeth 
are parallel with the axis of rotation, though 
in tapered and profile mills the distance of the 
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edges from the axis varies. The teeth run 
straight with the axis in the smallest tools 
only. In all above about rin. in width they 
are spiral (strictly helical) in their disposition. 
This gives a smooth shearing cut, because the 
edge enters gradually, and the cut proceeds in 
detail along the edge instead of striking along 
the whole width abruptly, with shock. The 
spiral is right- or left-handed. Its amount 
varies from 10 to 20° or more. When long 
parallel mills are built up, the spirals are set in 
reverse directions. For heavy duty the teeth 
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are often nicked in helical paths to break up 
the chips. 

Fig. 116 shows a spiral shell mill to fit on an 
arbor with a cylindrical key. Fig. 117 is a gang 
straddle mill, comprising a central spiral cutter 
flanked with mills that cut by their edges, so 
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tooling a face and two edges simultaneously. 
Fig. 118 shows how two gang mills for grooving 
are mounted on an arbor with a spacing distance 
piece between, a method that is carried out in a 
countless variety of forms. Fig. 119 illustrates 
mills that cut by their ends only when used for 
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regrinding, and the manner in which they are 
supported. 

The peripheral speeds of cutters are generally 
stated as being from two, to two and a half 
times those of single-edged tools. Using mills 
of carbon steel, cast iron may be cut at a sur- 
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facing, but they will also cut with their edges 
in vertical spindle machines A has straight 
teeth, B has negative rake, adopted to prevent 
the tendency of the tool to dig in under heavy 
cutting. which would happen if the rake were 
of the opposite hand. Fig. 129 gives an enlarged 
end view of the teeth. which are not centre cut. 
Those that are. have internal teeth which will 
cut to a depth equal to the length of the end 
teeth. End mills remove material better than 
edge mills do, because they are able to penetrate 
more deeply, and do not spring and yield to 
pressure. 

When a difference is made between tools for 
roughing and finishing, the first are pitched more 
coarsely to give increased chip space, and the 
teeth are often notched to break up the chips, 
Fig. 121. An edge mill must not cut as in 
Fig. 122, if the surface of the work is rough, 
because the teeth continually come into con- 
tact with scale and dirt, and so become dulled 
rapidly. The direction of cut must be as in 
Fig. 123, where the teeth enter on a clean sur- 
face. A few examples of edge and face milling 
are given in Figs. 3124, 125, which are self- 
explanatory. The great utility of these methods 
over that of using single-edged cutting tools 
with their numerous readjustments hardly 
needs emphasizing. These are typical of wider 
extensions with the inserted tooth mills used 
in the big plano-millers, cutting profiled sec- 
tions. Here problems peculiar to the cutters 
themselves have to be tackled, their production, 
materials, the retention of their shapes after 


face speed of 60 ft. per minute, mild steel at 
33 ft., and brass at 125 ft. Tools of high speed 
steel, which are those now mostly used, will 
operate at twice these rates. But since speed 
is closely related to feed, the best results are 
secured by combining coarse feeding with 


4 
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moderate speeds. Feed is stated either as the 
advance in inches per minute, or in parts of an 
inch per revolution of the cutter, or in parts 
of an inch per single tooth. The net result is 
estimated by the number of cubic inches 
removed per minute, which is a measure of the 
efficiency of speed pius feed. Feed stated in 
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parts of an inch per tooth is more satisfactory 
than that in inches per minute, or in parts of 
inches per revolution, because these take na 
account of the number of teeth in the cutter. 
A cutter correctly shaped, operating in ideal 
conditions, will remove large curling chips 
fairly comparable with those severed with single- 
edged tools. 

Machines—the Lincoln Miller. This is the 
lineal descendant of the earliest type, and is 
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bar. The arbor bearings are elevated with 
screws. A range of speeds is imparted to the 
arbor, and of feeds to the table through belt 
cones or gears. The table has usually only a 
movement along its bed under the cutter, but 
several of the larger machines have provision 
for making lateral adjustments relatively to the 
uprights. The upright that carries the tail- 
stock is generally a fixture, but in some cases 
it is capable of movement along the bed to 
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still one of the most useful. Its construction 
renders it suitable for very heavy cutting, the 
work being supported on a table that slides on a 
bed beneath the horizontal cutter. This is 
carried on an arbor driven from a headstock, 
and supported at the other end on a tailstock. 
Adjustments for the height of work of differ- 
ent depths have to be made in the arbor, the 
bearings for which are adjustable on the faces 
of the uprights. Rigidity of these is increased 
by tying them together at the top with a stiff 


increase or diminish the distance available for 
work, 

The value of this machine is that of general 
utility within its capacity. Single articles, or 
smaller pieces in tandem can be bolted to the 
table, or mounted in a fixture, and tooled with 
single or with gang mills. Its capacity is 
limited by the width between head and tail- 
stock, and the height from the table to the 
arbor. Examples will be shown in the next 
lesson. 
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| FITTING AND ERECTING | 


By JosrerH G. Horner, A.M.I.MeEcu.E. 


LESSON XI 
THE ERECTION OF ENGINES 


ALTHOUGH the work of the fitter has been 
reduced because of the greater care that is now 
devoted to the machining of the component 
parts of engines, the tasks of the erector, regarded 
apart from those of the mere assembler, have 
not been materially affected. And every class 
of engine presents its own peculiar problems 
and difficulties, and the scope of the subject is 
as wide as the variations in their forms. It will 
be necessary, therefore, to concentrate attention 


Very slight departures from correct relations 
result in friction, in hard working of the engines, 
and rapid heating up of journals and bearings, 
with probable scoring, and permanent damage 
to the parts. 


STATIONARY ENGINES 


For all these, a levelled bedding for the base, 
or the bed, is necessary if the work of erection 
is to be satisfactory. The base for a vertical 
engine, or the bed for a horizontal is received 
from the machine shop with its working faces 
tooled, but the bottom is as roughly cast. The 
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on the leading facts that apply to all engine 
erections. 

Essential Facts. One important distinction 
from the point of view of the erector is that 
between vertical and horizontal designs. 
Another is that of single-cylinder engines, and 
of compounds, either in tandem or in parallel, 
and again that of single engines, and of engines 
duplicated side by side on the same foundation, 
or bedplate. There are also many differences 
between the stationary and the locomotive 
types, and those derived from the latter, the 
road rollers and agricultural engines. Oil and 
gas engines are groups apart in most of their 
details. Yet all engines have many features in 
common, such as alignments, and right angular 
relations. Neither can be checked and cor- 
rected with the small instruments of the bench, 
but geometrical devices—straining lines, plumb- 
bobs, levels, and templets are requisitioned. 


casting is levelled and wedged up on blocking 
until the faced portions show truly horizontal 
when tested with a spirit-level. Lengths of balk 
or quartering are suitable for engines of moderate 
dimensions, but for the heaviest a solid perma- 
nent bed is preferable to the dirt floor, and metal 
wedges for levelling. The spirit-level should be 
mounted on a parallel straight-edge to bridge 
over adjacent facings of the same height, and 
the level be turned end for end as a check on 
its possible inaccuracy. The . facings then 
become the datum, whence cylinders and shaft 
can be tested for parallelism and heights of 
centres. 

Horizontal Engines. In the erection of these, 
the commencement can be made with the 
cylinder, or the crankshaft—generally with the 
former. The essential is, that they shall occupy 
strictly linear, and right-angular relations to 
each other, for if they do not, then very slight 
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departures from accuracy will set up friction, 
wear, and heating between the crank journals 
and their bearings, or the piston and the 
cylinder bore, or the crosshead and its guides. 
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passing through the cylinder, is continued 
beyond the crank shaft and, being packed up 
there into a horizontal position, is pulled taut 
with a heavy weight suspended at each end. 


1 ZZIAa 


Wy ; IVS 
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The usual method of aligning is to bridge the 
rear end of the cylinder with wood or metal, 
find the exact centre from the bore, and drill a 
hole there to receive a straining line of fine wire. 
For repetitive work, a permanent guide may be 
registered into the bell mouthing of the cylinder 
and clamped against the flange. The line, 


. 


Although it is impossible to strain a long line 
perfectly straight, centres must be widely 
separated for this to have a serious influence if 
the line is heavily loaded, as piano wire can be. 
An indicator gauge or a templet may be used to 
check the sag, and packing may be used if 
necessary midway between the cylinder and the 
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crankshaft bearings. 
laterally. 

From the line set centrally at the rear of the 
cylinder the front of the cylinder is aligned, and 
the crosshead guide, or the guide bars and the 
centre of the crankshaft. The detailed methods 
will differ with the construction of the engine. 
In some designs the cylinder and the guides are 
cast solidly with the bed. More often they are 
separate castings bolted in place, which permits 
of making adjustments. Crankshaft bearings 
are generally cast with the bed, but in the larger 


The line will be straight 
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readily made, in the second, adjustments can be 
made through the end flange, or the face against 
which it is bolted. This may sometimes give 
less trouble than adjustments at the crankshaft 
end. A lack of alignment in the cylinder bore 
will be multiplied five or six times at the 
crankshaft. 

For the front end of the cylinder and for the 
guides, measurement is taken from the wire, 
round the bores, using internal calipers, or a rod 
gauge, handled delicately, not to disturb the 
wire, which if it is sufficiently strained will 
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engines they may be separate fittings. When 
parts are cast solidly, the only corrections and 
adjustments that can be made are those in the 
brasses for the crankshaft journals. The accu- 
rate relations of parts cast together divide 
responsibility between the marker-off and the 
machinist. In such work, the horizontal boring 
machines with tables that can be reset at go° 
are of much value. since cylinders and crank- 
shaft bearings can be tooled with a reasonable 
probability that they will be at exact right 
angles. 

Separate cylinders may be bolted down on the 
bed, or the crosshead guides may be cast with 
the bed, and the cylinder be bolted at the back 
end—the overhanging type. In the first case, 
adjustments of the cylinder through its feet are 


indicate lack of alignments. If corrections are 
found necessary they must be made with file 
or scraper. Holes are finally reamed for the 
fastening bolts. 

Bored guides, having arc sections above and 
below, with which the crosshead makes sliding 
contact are most common. Fig. 73 shows one 
design of this type of crosshead. Fig. 74 
slides between flat faces, Figs. 75 and 76 slide 
on a single flat face. In another, an early form, 
the crosshead is pierced with a gudgeon at right 
angles, carrying at its ends slipper blocks that 
move between upper and lower guide bars 
having plane surfaces. In these cases, the 
lower face on which the crosshead slides has to 
be checked from the straining line, and also 
transversely to be sure that it is horizontal— 
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not higher on one side than on the other. To 
check these, blocks are planed to a thickness 
equalling that from the centre of the cylinder 
to the lower face, and these being moved about 
along and across are checked with a spirit-level, 
when any departure from truth in either direction 
is easily detected. Then if there are top guide 
bars, these are fitted parallel with those below. 

This work has to be repeated when engines 
are compounded with cylinders in tandem or in 
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parallel, with cylinders cast together, or separ- 
ately, and with an air pump at the rear, and 
when valve. casings for piston valves are 
included. When, as in the largest engines, the 
main elements are carried on separate bases of 
masonry or concrete, these have to be levelled 
in relation to each other, and the engine bases 
often have to be grouted before erection is 
commenced. 

It is essential that the crankshaft shall be at 
exact right angles with the axis of the engine, 
and that, when a dip crank is used the crankpin 
shall be central laterally with the axis. If a 
disc crank is fitted, the shaft bearing alone need 
have attention. To check the right angular 
relation with a square against the strained line 
to another line strained across the shaft bearings 
is possible if the square is supported on block- 
ing a trifle higher than the line and a sight taken 
down the edges. The line for the shaft is laid 
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in shallow notches cut in strips of wood that 
bridge each shaft bearing, and crossing the 
longitudinal line at the centre of the crankpin. 
A more reliable method is to make a templet, 
a tee-square, the blade of which is laid along 
one side of the cylinder bore, the other over the 
notches cut in the pieces that bridge the shaft- 
bearings, or against the strained wire. If the 
templet is true it will show any departure from 
the right-angled relations of both bearings. 
Another way, equally reliable if the cylinder has 
been accurately faced in relation to the bore, is 
to make a templet, one portion to lie against 
the front flange of the cylinder, the other to 
check the centre of the crankshaft. 

The course of procedure now varies, being 
controlled by the amount of work that has been 
done on the ‘bearings. If the tooling has 
followed the lining off, with hand-setting on 
machines, errors may occur in each. The tool- 
ing is that of the seatings for the brasses, with 
the fitting of the caps, followed by the boring 
and facing of the brasses. If error is likely to 
develop, it is well to defer the boring of the 
brasses to a later stage. After the seatings are 
bored, the shoulders for the caps planed or 
milled, and the stud holes drilled and tapped 
and the studs inserted, the only adjustments 
that are possible are those on the brasses. These 
can be bored out of centre, and packings inserted 
to accommodate the correct position of the 
crankshaft. The centres of the brasses will be 
obtained from the cross wire in one direction, 
and in the vertical with a surface gauge or a 
level on blocking, and the circle of the bore 
struck from the point of intersection. After 
the boring, the flanges will be faced to gauges. 

There are besides these cardinal features, 
other matters of scarcely less moment, which . 
become apparent at later stages, and in working, 
viz., the character of the fitting of piston rings, 
crossheads, connecting rods, valve rods, valves, 
stuffing boxes, packings, the consideration of 
which belongs equally to the vertical engines— 
the subject of the next lesson. 
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By W. G. BickiEy, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXII 
DIFFERENTIATION 


' At the end of the last lesson we had found that 
for a falling body, when the distance gone (s ft.) 
is connected with the time (¢ sec.) by the formula 
S$ = 16#?, the instantaneous speed at the end of 
2 sec. was 64 ft./sec. The result was obtained 
__ by arithmetically calculating the average speeds 
over decreasing intervals, and seeing to what 
these tended as the intervals were reduced. 
By using a symbol for the small interval of 
time (dé), we can find the result with less labour, 
one piece of algebra taking the place of a num- 
ber of pieces of arithmetic. 

From the formula we have, when ¢ = 2, 
s=64. Now following the motion for an 
interval d¢sec., and letting 6s represent the 
distance travelled in the interval, the total 
distance, 64 + ds, will have been travelled in 
the time 2 + dfsec. So, by the formula,- 

64 + ds = 16(2 + dt)? = 64 + 64 df + 1602 
Consequently, 

bs = 646¢ + 1662? - 
To find the average speed in the interval, we 
must divide the distance ds by the time 6¢, 
obtaining 
Os 


5; = 04 + 1608 


Now we see that as df becomes less, the value 


6 
of = approaches 64, or in symbols, 


Os 
as 0t> 0, v1 —> 64 


or, since the value that the average velocity 
approaches must be the instantaneous velocity 
we are seeking, 

ds 

me Os 


At this point, before proceeding farther, the 
reader should try to find, by the above method, 


d 
the values of when ¢ = 3, 5, and Io (or any 


other values of ¢ he fancies). For the values 
given, the results should be 96, 160, and 320. 
68—(5462) 


After doing this, and seeing that exactly the 
same process is used each time, it will be evident 
that by keeping a symbol for time (instead of 
separate numerical values, 2, 3, 5, and 10) we 


d 
should be able to obtain a formula for - from 


which it can be found for any value of ¢. 

Wehaves = 167? : ; : * (a) 
At time df sec. later (¢ + 6¢) the total distance 
gone (s + ds) must be by the formula, 

s+ ds = 16(¢ + dt)? 

= 167 + 321. d¢ + 1662 . 5 (2) 
Subtracting (1) from (2), we find 
Os = 32t. Ot + 1662? 

Dividing by 6¢ to find the average speed, 


ee 32¢ + 166t 


aye e 
. os 
From this we see that as é6f-> 0, rie 32t, so 
7 ds 
that so 32t 


a result which will be found to agree with all 
the numerical results already obtained. 
Again, starting with the formula y = 3?, let 


ad 
us find the formula for > in the same way. 


We have Gis Be 
so y+ dy = 3(x + 6x)? = 3x7 + 6x. 6% + 362x7 
Subtracting, dy = 6%. dx + 36x? 


heref Weg 30 
therefore , % + 30x 


d 


_ Oy _ dy 
Hence, as 6x > 0, An 6x, or i= 6x 


This process of finding rates of change (i. 
ve ds d ay\? led dif 
such quantities as a and 7, } is called differ- 


entiation, and the rates themselves are called 
differential coefficients. Before giving the 
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general rule for differentiating powers, we will 
work a few more examples— 
af i ee 
y + dy = 2(x + dx)* 
= 2xt + 8x36x + 12x762x? + 
8x. 0x? + 26x4 
expanding the power of (*-+ 6x) by the 
binomial theorem (see Lesson XII). Subtract- 
ing, we find 
dy = 8x36x% + 12x6x? + 8x.0x3 + 26x4 


6 
so x = 8x3 + 12x2dx + 8x.6x? + 26x 


é 
As 6% => 0, = —> 8x3, all the other terms tend- 


ty ee 
ing to zero, so 7 = See 


In this example every term has been worked 
out in full, but it must be evident that it is 
not necessary to know more than the first two 
of the terms of the expansion in order to find 


d 
the value of _ 


ax 8° that, provided we know that 


é d 
they will not affect >, we may save ourselves 


the labour of calculating and writing them. 
Any term in the expansion which contains a 
power of 6x higher than the first will after 
division by 6x, still contain 6x, and will conse- 
quently tend to zero as 6x does. The next 
instance will show the minimum of writing and 
calculating. 
2 oe 
Candy = 3 a any 
= 3x7 + 21x*6x + terms in 6x?, etc. 
Subtracting, 
éy = 21x8dx% + terms in 62?, etc. 

Dividing, 


a = 21x8 + terms in 0%, etc. 


6 d 
As 6x > 0, = => 21%", so > = 214° 
I 
Da 


3 
Y + OY = FF oe 
Here there is no simple expansion, but we can 
still obtain é6y by subtraction, 
wa a ta —(e + On) Ox 
Y= a+ bx x a(x + dx) ~~ x(x + Ox) 
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on using the common denominator and perform- 
ing the subtraction. Dividing, we have 


le 
6x «(x + 6%) 


oy I dy I 
As 6x0, ae te ge da 


The meaning of the minus sign in this example 
d 
is important. Since - means the rate of 


increase of y with respect to x, a negative rate 
of increase might be expected to mean a rate 
of decrease—and it does, for as x increases, it 


= A I 
is evident that a decreases. 


Rule for Powers. All the above instances are 
particular cases of a general rule for differentiat- 
ing powers which we now proceed to obtain. 


If y= x 
(x + 6x)” 


ap 
Ss 
ll il 


x” + nx" 6x + terms in 6x”, etc. 
Subtracting, 

dy = nx"! 6x + terms in 62?, etc. 
Dividing, 


6 : 
= nx"-1 + terms in 6x, etc. 


6 d 
As 0x0, ae —> nx"-1, so - = nx 


This is the rule sought. Expressed in words, 
To differentiate any power, multiply by the 
index, and reduce the index by I. 
If we had started with ax” instead of x”, 
every quantity on the right of the = would 
have been multiplied by a, and so we should 


d 
have found that - = nax"-1—_the rule being 


again, multiply by the index and reduce the 


index by 1. All the examples already worked 
agree with this formula— 
: : 
Sa LO “ = 2 X I6f1 = 32¢ (as above) 
dy 
=e Yr ‘5 
y = 30 a. 2 Se OR Gs ) 
dy 
io 3-2. Q8 
y = 2x8, = 4X 2x = 8 ( ,, ) 
dy : 
YS 307, = 7 Se re ee 
I Wy Ba 
yaea at ase x es lee 
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In the last of these we see that the rule is still 
true for negative indices, and that if we have to 
differentiate a fraction with x in the denomina- 
tor, we can express the fraction by negative 
indices and then differentiate by rule. The 
same is true for roots, which can be expressed 
by fractional indices (though we are not going 


to prove it at length). Thus, if y = 5+/x, and 
we want oa we first express the root by the 


index 4, that is, y = 5x3, and then the rule 


Sig : 
gives oe = 4X 5x8 = o5xt = a (since Fie 


A/ % 
. — ee —a ASE 
,=7= ) 


As further instances— 


dy 
yl == 1548, > = 6 X 15x° = gox® 


) 
y = $= 4r3,7 =-3 Mian * = 12x48 
T2 
~ x4 
d 
jinx UG Ties - === TA Curt? = — 1a Cy-2-4 
ds a 
—— 3/ = 4 a 1j-3 == = 
Ss NV t t r dt al 5 3x2 
and so on. 


There are two simple cases of differential 
coefficients which can be obtained by very 
simple reasoning. The first is when y is propor- 
tional to x, i.e. y = ax, where a is a constant. 
Here, since y is always a times x, the change in 
y must always be a times the change in x, and 


a : 
Se) os =a. This result may also be obtained 


from the formula, by putting in the index r. 
d 
For, by the formula, if y = ax!, o == 18 Sorel 


= a, since x®=1. Again, if y is constant, it 
does not change, so that its rate of change is 
zero. Again, remembering that x9 =1, we 
may write y = a as y = ax°, and the formula 


d 
7 ; —— a 
will give ge = 0 X ax = 0, 


Sums and Differences. If y contains two or 
more terms, connected by + or — signs, the 


d : 
value of A can be found by differentiating term 
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by term. For, in the case where y is the sum of 
two terms, it should be clear that the rate of 
change of y is the sum of the rates of change of the 
two terms, since the actual change in y is always 
the sum of the actual changes in the two terms. 
Exactly similar reasoning shows that if y is the 


d 
difference of two terms, then the value of - is 


the difference of the differential coefficients of 
the two terms. This reasoning can evidently 
be extended to any number of terms. Thus, 


d 
if y = 2x8 — 3x8 + 4x2, we have = 6x2 — 18%5 


+ 8%. We cannot, however, say that the rate 
of change of a product is the product of the 
rates of change of the factors—the rule for 
products will be given later. At present, if 
we can work out the product algebraically, we 
can differentiate after doing so. Thus, if 


d 
y = (ax + 1) (%—2) = 2x7 - 3x-2, then a 


= 4x—3. Quotients are more complicated, 
unless the denominator is simply a power of x. 

x %—2 ws 
Thy a = % + 3-— 2x71 (upon divi- 


: Wa 2 : dy 
sion and expressing xy by an index) ey 


F 2 
2%, Me 4, 
+ 2 


Other Notations. In many cases we wish to 
write the differential coefficients (or, more 
accurately, instructions to find it) without 
denoting the quantity by a single letter. Con- 

; Ad ; re 
sidering the notation qx 2S Meaning “ the rate 


’ 


of change of y with respect to x,” we see that 


ad 
the qx can be taken to mean the “rate of 


change of.” Thus the rate of change of 15x8 


d ; 
will often be written = (15x°). In this way we 


have 
d 6 5 d -1.4 -2.4 
ae (152°) = ga'x*, as (Cu-1-4) = — r-4Cv-®-4, etc. 


Sir Isaac Newton, one of the inventors of the 
calculus, used a different notation. To denote 
the rate of change of a quantity, he placed a dot 
on top. Thus, he would have written s for 
ds 


ai: This notation has the advantage of being 
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concise, and is still used in some books on 
mechanics to denote time rates of change. 
Dashes are also used upon occasion to denote 
differentiation, thus, y’ is sometimes written 


dy 
for ae 


Meanings of Differential Coefficients. We 
already know that if s represents distance 


ds 
travelled, and ¢ represents time, then = ai repre 


sents speed, or velocity. In the same way, if 
@ represents angle turned through, and ¢ repre- 


dé 
sents time, then = di will represent rate of change 


of angle with respect to time, or rate of turning 
—which is angular velocity. Again, if v repre- 


dv 
sents velocity, then at will represent rate of 


change of velocity, or acceleration. If w repre- 


d 
sents angular velocity, then, similarly, = will 


represent angular acceleration. In Newton’s 
notation, angular velocity would be denoted 
by 6, acceleration by 2, and angular acceleration 
by @. There are also many other quantities 
that can be represented by differential coeffici- 
ents. Coefficient of linear expansion, for 
instance. IfJ/ is the length of a bar at tempera- 
ture @, the coefficient of expansion is found 
by dividing the increase of length per unit 
length by the rise of temperature producing it. 
If ol is the increase of length, and 60 the rise 
of temperature, the coefficient of expansion is 


él al 
given by 7 + 60 or - qo’ im the limit when 66 


—>o. Similarly, if H is the quantity of heat 
required to raise the temperature of 1 lb. of 
a substance from 0° C. to 6° C., then the specific 

dH 
heat is given by do: Again, if and v denote 
pressure and volume of a gas, and 9 temperature, 
the a a volume coefficients are given 


1 dp | 
bY 5 a6 70 and — & respectively, In this case, too, 
the coefficient of elasticity is given by the 


increase of pressure divided by the decrease of 
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volume per unit volume produced, so E = 6p 


dp 


ov 
————on, mithe limit 0 
v dv’ 


In the above, we have seen that acceleration 


dv ds : 
=o and that v = a Thus, acceleration = 


d (as 
dt \ dt 
as the second differential of s with respect to #. 


d2 
) This is usually written “am and read 


da? 
If we have a formula for s, to find _ we differ- 


entiate s twice in succession with respect to ¢. 
a3 
Similarly, — means that we are to differenti- 


ate y three times with respect to x. Thus if 
y = 5x4 - 32° + 8x 


ere 
ie ee 


a 

a 60x2 — 6 
a? 

= == TAOS 


EXERCISE No. 35 


rt. Find wy. for the following values of y— 


(a) 5% — 343 + 2x + 7. 
3 2 i 

Ow ate 

(c) Vx - 5x. 


(d) 6x12 — 3424 4+ 84°04, 


+ 3)% by the binomial theorem, and 
Show that the result 


2. Expand (¥ 
differentiate your expansion. 


Show similarly that < 


b itt RS 
can be written 3(¥ + 3) a 


(27 -— 1)* = 2 Salen as, and that © (ax +b)” = 
an (ax + 6)"-"1, 
3. Lf tu” = C (a constant) show that v a =—np. 
RE SE : = 77 
Aili V= i4aT ap’ T = 140pt + 465, J = 778, 


L = 1,431 —4T, find V when p = 81. 


ANSWERS TO EXERCISE No. 34 


Po IesOr is 73 ° on each side). 

2. Approximation gives 0°8573. 

3. Formula given makes sin 30° = 0°4997 instead 
of 0*5000, 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mrcu.E. 


LESSON XXI 


Drawing Office Practice. Having, in previous 
lessons, dealt with various technical aspects of 
machine construction 
and drawing, we may 
proceed to consider 
the art relative to 
drawing office prac- 
tice. Most orders for 
machinery are the 
outcome of competi- 
tive tendering. This 
means that, at the 
time of obtaining the 
order, much of the 
preliminary design is 
already done. Conse- 
quently, we may, asa 
rule, split the drawing 
office share of the 
work connected with 
an order into two 
parts, the tender draw- 
ing and the working 
drawing. 

For an example, we may take a drawing 
office method of dealing with the following 
inquiry. 

One ship’s propeller, right handed, having 
the following particulars— 


Fic. 1 


Diameter of propeller. S13 iL. Om: 
Pitch of propeller P ao== LA ft. 
Projected area of four propeller 

blades : ; =; = 49 Sq. ft 
Diameter of propeller shaft . = 14 in. 


Power transmitted by set of steam turbines 
= 4,000 at a propeller speed of 120 rev. per 
min. Total thrust required from propeller at 
above power = 40,000 |b. 

MATERIAL. Manganese bronze, tensile 
strength, not to be less than 33 tons per sq. in., 
with an elongation of 15 per cent in 2 in. and 
elastic limit 17 tons per sq. in. 

Macuininc. To be finished machined to 
templates supplied by owners. Surface of 
blades to be filed or ground smooth and bright. 

Before proceeding with the design we shall 
be advised to survey the limits set by practical 


considerations. One limit set by economy is 
weight, and a diametrically opposite limit is 
imposed by the requirements of reliability. 
As a compromise we have to produce the 
cheapest design consistent with reasonable 
strength. If price was the sole factor deter- 
mining the choice of tender, makers would be 
tempted to submit designs having a minimum 
margin of strength. Reliability, however, is 
very important, and the successful quotation 
will be one combining a moderate margin of 
strength with a minimum price. We shall be 
advised, therefore, to follow accepted practice 
in deciding the strength of the design, and 
attempt economy in weight and labour where 
such economy does not interfere with the 
required strength. 

Commencing our preliminary design with the 
shaft to which the propeller is to be attached 
we find that, in transmitting the power to the 
blades, a boss having a diameter 22 per cent 
greater than the shaft would provide a section 
of strength equal to that of the shaft. Such a 
size of boss would, however, unduly limit the 
width of blade at the root where the greatest 
strain occurs. We find from practice that a 
diameter equal to about 2} shaft diameters is 
required to provide the necessary landing for 
the blades. 

We may now proceed, as in Fig. 1, with a 
circle representing the boss. The term projected 
area, referred to in the inquiry, means the 
total area of the blades projected on to a plane 
normal to the axis of rotation. In producing 
an outline of the blade, Fig. 1, we have to aim 
at a figure having an area equal to 49 + 4 = 
12i sq.ft. The outline of blade suitable for 
the above speed of revolution will be elliptical, 
and so we may make a rough estimate of axes 
required to give the necessary area. Tenta- 
tively, aiming at an ellipse of requisite area 
having a major axis equal to the distance 
between the boss and blade tip, we have, where 
D and d represent the major and minor axes 
of the ellipse respectively, 


Area = -7854 Dd approximate. 
12:25 X 144 
— +7854 X 65 


= 34°55 m. 
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Proceeding, we may produce an approximate 
ellipse with the method suggested in Lesson 
VIII. and connect the same to the boss as in 
Fig. x. As a check on the above we may 
quickly find the area of the blade by means of a 
planimeter and, if the area differs materially 
from the specified 124 sq. ft., the blade width 
can be corrected ro rata. 

Having found a suitable outline for the blade 
we may now consider the question of suitable 
thickness. Analysing the manner in which the 
propeller blade converts the power transmitted 
by the shaft into ship propulsion we find that 
the blade rotating in the sea meets resistances 
in two directions, as in Fig. 2. The one set of 
resisting forces act normal to the direction of 
rotation, and the other set parallel to the axis 
of rotation. The magnitudes of the forces vary 
with the distance from the axis of rotation and, 
consequently, in considering the blade as a 
loaded cantilever we have an example of an 
irregularly loaded beam. In estimating we 
have to remember that the prospect of obtain- 
ing the order is possible rather than probable, 


DIRECTION of 
os  , 
ROTATION 


Fic, 2 


and we cannot, therefore, afford much time in 
fixing the tender design. 

Approximate Nature of Estimating. The 
above offers a good example of the approximate 
method which frequently has to be adopted in 
fixing the minimum dimensions for an estimate 
design. 

Approximately, the blade under working 
conditions consists of a cantilever loaded, as 
shown in Fig. 3, ie. with the load varying 
directly as the distance from QO, the axis of 
rotation. The resulting bending moment will 
be equal to the sum of the moments of the 
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various forces at the different radii, and will 
be equal to the product of the total load and 
the distance x of the centre of pressure from 
the point O. 

For a beam of uniform width and the above 


Fic. 3 


manner of loading the position of the centre of 
pressure would be given by 
a(R _ rp 
aes 

safely be made in the case of a blade having an 
elliptical outline. 

We may now find the magnitude of the 
resultant forces P and T acting on éach blade. 
Let 


Ey and this approximation may 


h.p. = horse-power transmitted by propeller 
shaft. 

N = speed of propeller in revolutions per 
minute. 

T, = twisting moment transmitted through 
propeller boss in pounds-inches. 

x == distance of centre of pressure from axis 


of rotation in inches. 

P = total tangential load on each blade in 
pounds. 

T = total thrust on each blade parallel to 
axis of rotation in pounds. 


Then ‘ 
T 33,000. h.p.I2 33,000 X 4000 X 12 
ea 2nN a 27 X 120 
= 2,100,000 lb.-in. 
and 
2(813 — 163) 
™ 3(812 — 162) — 99°75 in. 
_ Tq _ 2,100,000 8 Ib 
4x. 4X 55:75 94 
1g — = T0/000115, 


We may now proceed to find the maximum 
bending moment on the root section of the blade, 
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due to the components of the above two forces, 
taken normal to the blade at the root. 


Let 


§ = angle made by blade at root to the plane 
of rotation in degrees. 

R=resultant force acting on blade in a 
direction normal to the blade at the 
root in pounds. 


Then 


R= Psin 6 + T cos 0. 
R = 9418 sin 59:1° + 10,000 cos 59°°I 
R = 8063 + 5135 = 13,198 lb., 


and the maximum bending moment (B.M.) 
occurring at the blade root = R(x —1). 


B.M. = 13,198(55°75 — 16) 
= 13,198 X 39°75 = 526,200 lb.-in. 
= 234 tons-in. 


Before proceeding with the outline of the 
blade section at the root we may consider the 
method of finding the lie of the blade at various 
radii. Drawing lines OX, OY at right angles, 
Fig. 4, and transferring the blade outline from 
Fig. 1, draw a line ab parallel to OX at a 
distance of pitch ~ 27 from same. Next draw 
arcs of varying radii cutting the lines OX and 
OY. The radius of the blade at the root = 7 
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Then R.M. = B.M. 

bd,” 

To f= 234 

A practical value for f = 2:3 
32d" 
TG oe 
234 X I0\% 
ad, = ‘e xX 23 ) = 5:64 in. 
say, 5°75 in. 


It often happens that forces, acting upon a 
machine detail, are of comparatively small 


DIRECTION of 
J for, 7, 


and cuts the line OX atc. Then a line drawn 
through c and a will give the angle of helix at 
radius rv. Proceeding, projections from the 
points d on the blade intersecting the line ac 
at e and e defines the width of blade at the 
root. 

In deciding the outline of blade section we 
observe that for a clockwise direction of rota- 
tion the working face of the blade lies to the 
right of the line ac. This side of the section 
will be straight, the opposite side being curved 
as shown in Fig. 4. The moment of resistance 
R.M. offered by such a section in a line normal 


, ; bay" 
to ac is approximately = f where 


by = width of blade in inches. 
d, | = thickness of blade in inches. 
= stress induced in tons per square 
inch. 
B.M. = bending moment on section in tons- 
inches. 
R.M. = resisting moment of section in tons- 


inches. 


Fie. 4 


magnitude and not so quickly determined as 
the greater forces. Without the experience to 
provide a confident judgment of what may be 
ignored it is advisable to make an approximate 
and generous estimate of the force in question. 
As an example of such approximation we may 
take the effect of the centrifugal forces acting 
in the above propeller blade when rotating at 
the specified maximum speed of revolution. 


Let 
W = weight of blade in pounds. 


w = speed of propeller in radians per 
second. 
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y = distance of blade centroid from axis of 
rotation in feet. 
A = sectional area of blade at root in square 
inches. 


I = centrifugal force in pounds. 
Jj, = tensile stress induced at blade root in 
pounds per square inch. 
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It will be observed that the outline of blade 
section at the root determines the minimum 
length of boss required to support the blade. 
With the above information we may proceed 
with the tender drawing as in Fig. 5. The 
tender drawing is not sufficiently informative 
to. be considered a working drawing, and is 


= 
Ll 


” 


16 
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Then w = — Bey 
Ww 1520 X 12:57? X 3:1 
as St ie 32:2 
= 23,100 lb. 
F 23.100 . 
t= A tae ae 188 lb. per sq. in. 


= 084 tons per sq. in. 


The above calculation, although so approx- 
imate, is sufficient to show that the stress, due 
to the action of the centrifugal forces acting on 
the blade, is sufficiently small (compared with 
the bending stresses) to be neglected. 


intended for quotation purposes only. In the 
next lesson we will proceed with the above 
tender, and consider the method. of obtaining 
the weight for the purpose of fixing a 
price. 


EXERCISE 


Make a tender drawing for an inquiry similar to the 
above with the following exceptions— 


Diameter of propeller = 12 ft, 
Pitch of propeller = 12 ft. 
Projected area of propeller = 38 sq. ft. 
Diameter of propeller shaft = 12}in. 
Thrust on propeller shaft = 32,000 lb. 
Power transmitted by propeller shaft — 2,800 s.h.p. 
Speed of propeller shaft = 


125 r.p.m. 
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ELECTRO-TECHNICS FOR MECHANICAL STUDENTS 


By A. P. Youne, O.B.E., M.1.B.E. 


LESSON X 


TYPES OF D.C. GENERATORS— 
THEIR CHARACTERISTICS. AND 
APPLICATIONS 


ELECTRIC generators are classified according to 
the field winding connections, there being three 
types— 

(a) Shunt-wound generator. 

(0) Series-wound generator. 

(c) Compound-wound generator. 

(a) Shunt-wound Generator. The connec- 
tions of the field winding of a shunt-wound 


Rheostat, [RY 


Fic. 63. CONNECTION DIAGRAM FOR 
SHUNT-WOUND GENERATOR 


generator are shown in Fig. 63, from which it 
will be seen that the field winding is connected 
directly across the brushes. A rheostat is 
usually inserted in the field circuit for con- 
trolling the field current and thereby the output 
of the generator. 

The terminal voltage of a shunt-wound 
generator is a maximum on open-circuit and 
diminishes as the load increases, in the manner 
shown in Fig. 64. This drop in voltage is due 
to— 

1. The JR drop in the armature. 

2. The demagnetizing effect of the armature 
current. 

3. The reduction in field current, consequent 
upon the lower terminal voltage caused by (1) 
and (2). 

Shunt-wound generators are suitable for 
steady load conditions, and where the voltage 
variation is not of great importance. They are 


generally used for exciting the field windings of 
alternators and rotary converters. Also, they 
are used for battery charging purposes. 

(2) Series-wound Generator. In a. series- 
wound generator, the field winding is connected 
in series with the armature winding, as illus- 
trated in Fig. 65. As the armature current 
increases, so also does the field current, and this 
results in a voltage curve having a rising char- 
acteristic as shown in Fig. 66. If the field 
current is such as to saturate the iron, any 
further increase in load will cause a decrease in 
voltage. This is mainly due to an increase 
in the armature demagnetizing component, 


EM. F 


Load Current I. 


Fic. 64. CHARACTERISTIC CURVES FOR 
SHUNT GENERATOR 


without a corresponding increase in field 
strength. 

In order to vary the field strength of a series- 
wound machine, it is usual to connect an 
adjustable resistance or diverter in parallel with 
the field winding. 

This type of machine finds but very limited 
application, as it is quite unsuited for dealing 
with variable loads as ordinarily met with in 
practice. It is essentially a constant current 
machine and was used extensively, some years 
ago, for supplying current for arc lamps on the 
series system. 

(c) Compound-wound Generator. Compound- 
wound generators having both shunt and series 
windings are employed for general purposes 
demanding a constant voltage under varying 
conditions of load. The connections of a com- 
pound wound generator are shown in Fig. 67. 
The shunt winding maintains the terminal 
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voltage at no-load, and the series winding pro- 
vides the additional flux to compensate for the 
drop in voltage on load due to armature resist- 
ance and reaction. It will be evident that by 
suitably proportioning the series winding in 


Field Winding 


Resistance 


Fic. 65. CONNECTION DIAGRAM FOR 
SERIES-WOUND GENERATOR 


relation to the shunt winding, the voltage 
characteristics of the generator can, to some 
extent, be controlled. 

Fig. 68 shows characteristic voltage curves 
for a compound-wound generator. When the 
series winding is arranged just to compensate 
for the voltage drop as a result of the armature 
resistance and reaction, the machine is said to 
be flat-compounded, and a practically straight 
line characteristic OB is obtained. If the 


Load Current I 


Fic. 66. CHARACTERISTIC CURVES FOR 
SERIES GENERATOR 


series winding is insufficient, the voltage curve 
will “droop” at the higher loads (see curve 
OC), and the machine will be wnder-compounded. 
On the other hand, should the series turns be 
greater than is required for flat-compounding, 
the machine is said to be over-compounded, and 
the voltage will rise as the load increases, as 
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indicated by curve OA. When a generator is 
required to supply power at some distance, 
over-compounding is necessary to compensate 
for the increased line voltage drop at the higher 
loads. In this way, the voltage at the load 


Shunt Field 
Series Field 


Fic. 67. CONNECTION DIAGRAM FOR 
CoMPOUND-WOUND GENERATOR 


terminals can be maintained practically con- 
stant. 

Losses and Efficiency of a D.C. Generator. 
The losses in a D.C. generator may be classified 
under two groups— 


Constant Losses 
Tron or core loss. 


Variable Losses 
Armature J?R. 


Shunt J?R. Series- and commutating 
Bearing friction and pole I?R. 
windage. Brush [?R. 


Commutator friction. 


Under “compoang = 


= = 


Load Current I 
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The commercial efficiency. is given by the 
formula— 
Commercial efficiency 
electrical output (h.p.) 
~ mechanical input (h.p.). 


If horse-power (h.p.) is required to drive a 
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generator giving I amps. at V volts, then the 
commercial efficiency is— 
LV 
746 h.p. (25) 

The electrical efficiency is expressed by the 
equation— 

Electrical efficiency 

Wo 
cero W,-+-W; 

Where, 

Wo = output in watts (I x V) 


W, = Watts consumed in armature winding 
and, 


W, = Watts consumed in field winding. 
DIRECT CURRENT MOTOR 


Principle of Operation. In the previous 
lesson we have described how an electric current 


Commercial efficiency = 


(26) 


Fic. 69 


is induced in an armature as a result of rotation 
in a stationary magnetic field; that is, by 
expending mechanical energy we produce elec- 
tricalenergy. As in other cases of energy trans- 
formation we can reverse the process, and by 
so doing convert electrical energy into mechani- 
cal energy. This is done in the electric motor, 
and any direct current generator can be run as 
a motor by supplying current to the armature 
from an external source. The D.C. motor is, 
therefore, identical in construction to the D.C. 
generator, but in order to limit the first rush of 
current on starting, a suitable rheostat is 
inserted in the armature circuit. 

In Lesson VII it was explained that when a 
conductor carrying current is placed in a 
magnetic field with its axis at right angles to 
the flow of the magnetic lines, a force is exerted 
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on the conductor in a direction at right angles 
to the magnetic lines of force. The force 
urging a single straight conductor of J cm, and 
carrying J amp., across a magnetic field of 
strength B lines per sq.cm., is given by the 
formula— 


B ] 
Se he i ee 
Io 


dynes (27) 

When current flows in the armature windings 
of an electric motor, each conductor is acted 
upon by a force, as indicated in Fig. 69. The 


. resultant effect is that the armature experiences 


a torque causing it to accelerate until a limiting 
speed is reached. During the short period 
required for the armature to run up to speed, 
the starting resistance is gradually cut out of 
circuit until ultimately the armature is con- 
nected directly across the supply mains. 

It is evident that as the armature is rotating 
in a magnetic field, an E.M.F. must be induced 
in it which, according to Lenz’s Law, will 
oppose the flow of current giving rise to the 
motion. In other words, the induced E.M.F. 
resulting from votation and known as the back 
E.M.F. (E) opposes the applied E.M.F. (V), 
and the armature current will result from the 
difference between the two E.M.F.’s, i.e. (V — E). 

If the resistance of the armature winding is 
R, the current for steady conditions is expressed 
by the equation— 


(28) 
The back E.M.F. (£) is proportional to 


speed (), and the flux per pole (®), and is given 
by the formula— 


(SX) On 
it 708 (29) 
Where, 
S = No. of armature conductors. 
X = No. of poles. 
y = No. of parallel paths in armature 


I as 
Xx for lap winding 


I ay f 
— for wave winding 
2 


Since the armature current is proportional to 
(V — E), it is necessary to insert resistance in 
the armature circuit at starting when £ is 
zero, in order to limit the current. This 
resistance is gradually cut out of circuit as the 
speed—and in proportion thereto E—increases. 
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When the motor is running light, the torque 
necessary to maintain continuous rotation is 
small, and correspondingly, the armature cur- 
rent (J). If we assume that the armature 
voltage drop (I x R) is very small and negli- 
gible in comparison with the supply voltage 
(V), we then have— 


V = E = constant x (flux x speed) (30) 


This relationship is substantially correct for 
the no-load condition, and can be taken as a 
rough approximation for other loads. Thus, if 
the supply voltage (V), or the flux per pole ®, be 
varied, then the speed will automatically adjust 


Sbeed 
nn, 


Torque a 


Fic, 70. TypicAL SPEED CURVE FOR 
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itself to give the relationship expressed by 
equation (30). Any increase in voltage (V) 
will result in an increase in speed, whilst if V 
be kept constant and the flux varied by adjust- 
ing the field current, an increase in speed will 
result from a decrease in flux, and vice versa, 
any increase in flux will be followed by a corre- 
sponding decrease in speed, since the product 
(® < n) will remain substantially constant. 

If the load on the motor be increased, then 
the armature current must also increase, and 
equation (28) tells us that this condition can 
only be fulfilled by a reduction in the back 
E.M.F. (£). Amy increase in load will there- 
fore be accompanied by a reduction in speed 
sufficient to allow the armature current to rise 
to produce the torque required by the new load 
conditions. By analysing equation (28), we 
can deduce an expression for the value of the 
armature torque corresponding to any load 
condition. Rewriting this equation, we get— 


Vie = ere 
Multiplying throughout by J we have— 
Vil ET te Ri (31) 
Now VI is the power in watts supplied to 
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the motor, and RI? the power dissipated in the 
form of heat in the armature, so that EJ 
represents the energy expended in doing 
mechanical work plus that expended in over- 
coming frictional and iron losses. Assuming 
that— 

T = armature torque in Ib, ft. 
nm = speed in rev. per sec. 
then ; 


2mnT 740 X 2a 
5600 ae ee 580, 0 
Equating this to the product (E J), we get— 
. EI 
740 X an 


Power = x nT watts. 


(32) 


Substituting the value given for # in equation 
(29) we have— 


SX, te ptDl 


7460 X 2a x y X Joe lb. ft. 


(OZ) Ib. ft (33) 
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TYPES OF D.C. MOTORS 
THEIR CHARACTERISTICS AND APPLICATIONS 


Just as in the case of electric generators, there 
are three distinct types of D.C. motors, viz.— 

(a) Shunt-wound mctor. 

(6) Series-wound motor. 

(c) Compound-wound motor. 

The change in speed for varying conditions of 
load, or torque, will be different in each case. 

(a) Shunt-wound Motor. The field connec- 
tions are the same as for the shunt-wound 
generator, so that the voltage across the field 
circuit will be the supply voltage. Neglecting 
armature reaction, the flux ® will remain prac- 
tically constant at all loads, so that any increase 
in load will cause a gradual decrease in speed. 
The characteristic speed curve is given in Fig. 70. 
For constant supply voltage, the drop in speed 
ts almost directly proportional to the torque, as 
will be evident from equation (28), bearing in 
mind that & and J are substantially propor- 
tional to the speed and torque respectively. 

The maximum drop in speed is but a rela- 
tively small percentage of the normal running 
speed, and for practical purposes, the shunt- 
wound motor is a constant speed machine. It 
therefore finds wide application for driving 
machine tools and other mechanical! appliances 
requiring fairly constant speed operation. 
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(6) Series-wound Motor. As the field wind- 
ing is in series with the armature, any increase 
in load will result in a’rapid increase in field 
strength. We have seen from equation (30) 


Torg ue T. 
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that the back E.M.F. (£) remains approximately 
constané under all load conditions, and as this 
factor is proportional to the product (® x m) we 
can say that this product is also approximately 
constant for all loads. Amy increase in load is, 
therefore, followed by a rapid increase in flux, 
and a correspondingly rapid drop in speed during 
such increase. The characteristic curve shown 
in Fig. 71 consequently differs widely from that 
of the shunt-wound motor. When the’ load is 
small, the speed is extremely high, and if con- 
nected directly across the supply mains on no- 
load, the speed would be dangerously high. 
Although the reduction in speed with increase 
in load is very great, the series motor has a 
distinct advantage in its capability to exert a 
very large torque at starting. Since the torque 
is proportional to ® and J (see equation (33) ), 
it follows that 
as the flux in- 
creases with the 
current, the 
torque must in- 
crease at a still 
greater rate. 
Series motors 
are used exten- 
sively on electric 
cranes, tram- 
cars, and electric 
railways, where 
a large starting torque is required. The charac- 
teristic curve (Fig. 71) indicates that when 
heavily loaded—as represented by the portion 
of the curve between A and B—the speed 
variation is not excessive, and under these 


Lara 


Fic. 72. A TypicaL FRACTIONAL 
HorsE-POWER Motor 
(General Electric Co.) 


1077 


conditions a series motor has somewhat similar 
torque speed characteristics to a shunt motor. 
This is due to the iron in the poles becoming 
saturated, after which the field remains sub- 
stantially constant. 

(c) Compound-wound Motor. In this type 
we have a combination of the shunt- and series- 
wound motors, the field connections usually 
being arranged so that the effects of the two 
field windings are cumulative. For special 
purposes, where a constant speed is required 
under all load conditions, the series winding 
opposes the shunt winding, and is arranged to 
weaken the main field by an amount just suffi- 
cient to prevent a drop in speed, due to the 
increase in armature current with increase in load. 
This arrangement isknownas differential winding. 

Cumulative winding gives a mean between the 
characteristics of series- and shunt-wound 
motors, i.e. a large starting torque and a speed 
at no-load which is not unduly high. . These 
motors are employed for fluctuating loads, such 
as are met with when operating rolling mills, 
stamping presses, and lifts. 

Fractional horse-power motors of the com- 
pound-wound type, as shown in Fig. 72, are 


Fic. 73. APPLICATION OF A FRACTIONAL 
HorRSE-POWER Motor To AN ELECTRIC 
WASHING MACHINE 
(General Electric Co.) 


now extensively used for both industrial and 
domestic purposes. The field of application of 
this class of motor will, undoubtedly, extend 
enormously during the next few years, and 
already it has done much to bring electric 
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power into the home. These small motors find Where, 


innumerable applications in the engineering, Ho = brake horse-power 

textile, printing, boot, and many other indus- V =supply voltage 

tries, for driving small machines of every I =current taken by motor (amp.). 
description. A domestic application of the Efficiencies range from 95 per cent for motors 


fractional horse-power motor is shown in of 500h.p. and over, to 85 per cent for 5 h.p. 


Fic. 74. APPLICATION OF A FRACTIONAL HORSE-POWER _ 
Motor TO AN OIL SEPARATOR 
(Alfa-Laval Co.) 


Fig. 73, whilst Fig. 74 will serve to illustrate sizes. Motors of Jower output will have an 
its application in the engineering industry. efficiency somewhat less than 85 per cent. 
Typical characteristic curves for compound , 
motors are shown in Fig. 75. 
Efficiency of an Electric Motor. The com- 
mercial efficiency is calculated as follows— 


Speed, 
7 


mechanical output in watts 


HBICICUDY Gres slocwical input in watts 
ripe Torgue,T 
= 5 . , ‘ (34) Fic. 75. TypicAL SPEED CURVES FOR 


Compounp Motors 
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NOTABLE EVENTS IN ENGINEERING HISTORY 


By E. A. Forwarp, A.R.C.S., M.I.Mecu.E. 


LESSON X 
MACHINE TOOLS 


WirH hand tools, the form and accuracy of the 
work produced depends entirely on the skill of 
the operator. When using soft materials, such 
as wood or ivory, a satisfactory result could be 
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obtained without excessive labour, but when iron 
came into general use the labour involved in 
cutting it, and the imperfect result obtained, led 
to the introduction of machine tools, the essential 
feature of which is that the cutting tool is fixed 
in a holder and guided by mechanical means. 
There are two distinct features in machine 
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Fic. 42, NasmytTH’s STEAM HAMMER, 1839 
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tools that have each promoted the rapid 
development which took place during the nine- 
teenth century. First, they do their work 
almost entirely by the forces of nature, without 
animal labour, and so are without limit of size 
or endurance, and second, the speed and 
accuracy with which they attain any desired 
result is due to the copying principle now to be 
found in all finishing tools. 

For the production of accurate machine 
tools, the use of true planes is necessary. A tool 
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Fic. 43. HypRAuLIc ForRGING PRESS 
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guided by two planes inclined to one another 
describes a straight line, and in all these tools 
such lines and planes are being copied on to the 
work. 

Metal working machine tools perform the 
desired alteration in the shape of the material, 
either by forcing it to flow into the required 
form as in forging, rolling, and stamping, or the 
result is obtained by cutting from a larger mass 
those portions not required. 

In hammering tools, the copying principle is 
hardly applied, but in rolling and stamping the 
great saving in labour and time that it effects 
is fully seen. 
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The hammer was probably the first tool to 
which power driving was applied, and it was one 
of the first to be driven by Watt’s steam-engine. 
The greatest advance, however, was made by 
James Nasmyth, in 1839, when he invented his 
direct-acting steam hammer (Fig. 42). Forging 
in dies under a hammer greatly facilitates the 
production of accurate work, and special 
mechanical hammers for this work were intro- 
duced by Hall, in America, in 1827. Instead 
of forging by hammer blows, it is now becoming 
increasingly general to work the heated metal 
by the steady pressure exerted by a hydraulic 
press (Fig. 43). This process was commenced 
by Bessemer in 1856, and continued by 
Whitworth in 1861, whilst Messrs. Tannett and 
Walker did much to further its early progress. 

The use of grooved rolls in a rolling mill was 
practically introduced by Henry Cort in 1783. 

Lathes are tools of great antiquity, but they 
remained small and imperfect appliances until 
the close of the eighteenth century. The earliest 
lathes were of wood with dead centres, and the 
work was oscillated by a bow or by a spring 
pole. The wheel drive, giving a constant rota- 
tion to the work, appeared about the fourteenth 
century. On the Continent, great attention was 
paid to the production of mandrel lathes for 
ornamental turning, during the eighteenth 
century, and an elementary form of slide rest 
appeared as early as 1717 (Fig. 40). \ It was not, 
however, until 1795 that the slide rest was per- 
fected by Henry Maudslay. Primitive lathes for 
cutting screws by means of a lead screw are 
recorded in 1569, but they were not generally 
used until Maudslay constructed such lathes, 
cutting different screws by means of change 
wheels, about 1800 (Fig. 41). In 1805, 
Maudslay made self-acting slide lathes for 
turning long pins. 

The American invention of the turret tool 
holder, which greatly facilitates the production 
of repetition work, is attributed to Messrs. 
Robbins and Lawrence. in 1854. This was 
followed by the hollow mandrel lathe, and the 
fully automatic lathe, with the early develop- 
ment of which Mr. C. M. Spencer is associated. 

About the end of the eighteenth century, the 
drill became a machine tool by the mounting of 
its spindle in a frame, and applying a power 
drive and an automatic feed. Boring machines 
of the auger type were originally used for 
boring pipes, guns or cylinders, but the first. 
accurate machine was introduced by John 
Wilkinson in 1775. ; 
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Fic. 44. WHEEL Curtine ENGINE, 1780 
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Until early in the nineteenth century, flat 
surfaces were finished by hand, but the require- 
ments of the steam-engine led to the invention 
of the planing machine, with the development 
of which the names of Matthew Murray, 
Richard Roberts (Fig. 46), Joseph Clement, and 
Joseph Whitworth are connected. The earliest 
recorded planing machine, however, was one 
made by Nicholas Forq in 1751. 

Milling machines, in which the tool takes the 
form of a revolving cutter, had been used since 
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has become one of the recognized workshop 
operations. Grinding lathes were regularly 
manufactured by Brown and Sharpe from 1864, 
while in 1876 their first universal grinder was 
made. Surface and other varieties were after- 
wards designed by Mr. C. H. Norton, while the 
disc grinder was introduced by Mr. F. M. 
Gardner in 1890. 

Wood-working machines differ from metal- 
cutting tools mainly in respect of their cutters, 
as the softer material can only be cut smoothly 
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Fic, 46. RoBrerts’ PLANING MACHINE, 1817 


1670 in the form of the wheel-cutting engine, 
attributed to Robert Hooke (Fig. 44). Its 
introduction as a general machine tool, however, 
is credited to Eli Whitney in 1818, and its 
improvement to Francis Pratt in 1854. The 
first universal machine was made by Messrs. 
Brown and Sharpe in 1867. 

Tie gear-cutting machine was developed from 
the early nineteenth century in both the milling 
and planing types, using either a former or a 
generating process to obtain the correct tooth 
form. 

Although the use of grinding or abrasive pro- 
cesses is of primeval antiquity, yet it is only of 
recent years that machine grinding, by which a 
highly finished and accurate result is obtained, 
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at low speeds by a guarded cutting edge, but 
may be satisfactorily worked at high speeds with 
unguarded cutters. 

The frame saw appears to date from the 
fourteenth century, and is still the tool most 
used for converting logs into planks (Fig. 45), 
although the band saw, with which a higher 
speed is possible, is also employed for this work. 
The origin of the circular saw, the most expedi- 
tious of wood-cutting machines, is unknown, 
but it was in use about 1780, while Sir Samuel 
Bentham improved its construction in 1793. 

The simplest form of lathe serves for ordinary 
wood-turning purposes, while for repetition 
work the copying lathe, which was introduced 
by Blanchard in 1818, is widely adopted. 


(CONCLUSION) 
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OUTLINES OF AUTOMOBILE ENGINEERING 


By J. L. Mitziean, B.Sc. (Vict.), M.1.A.E. 


LESSON VI 


CARBURETTORS AND 
INDUCTION PIPES 


THERE are many different types of carburettor. 
They are chiefly made by specialist manufac- 
turers who supply them to automobile manu- 
facturers, though some automobile engine 
_ manufacturers make their own. 

These carburettors are all constructed on the 
same general lines. Petrol is maintained at a 
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Fic. 27. ‘‘ ZeniTH’’ CARBURETTOR, STANDARD TYPE 


NOTE. 


burettor functions. 


constant level in a float chamber and feeds 
through a jet into a constriction in the induction 
pipe. They differ very much indeed in the 
method by which the tendency of the simple 
carburettor to énrich mixture at high speeds is 
counteracted. 

Two types are here described as they are on 
entirely different systems. Each maker claims 
special features for his own apparatus, and it 
is an interesting fact that instruments designed 
on such entirely different principles give results 
which do not differ widely one from another. 

The Zenith Carburettor (‘‘Bavery’’ system). 
This consists of two separate carburettors with 
a common float chamber. The one has a choke 


This is not a true section, but has been 
modified to show as clearly as possible how the car- 


or Venturi tube a, Fig. 27, below a throttle 
valve b. This has two concentric jets; the 
inner or main jet is fed from the float chamber 
and acts as a simple carburettor. The second 
jet is fed from a well ¢ into which petrol can 
flow through a second jet or compensator d. 
It will be noted that the petrol in this well is 
open to the atmosphere e, so that however 
much the pressure in the choke is lowered the 
maximum amount passing is that due to the 
head of petrol from the float chamber level to 
the top of the compensator jet, and to the 
size of the jet. It has been found that if 
a simple jet in a choke tube be used, the 
petrol air delivery is as shown in Fig. 28, 
i.e. approximately a straight line passing 
through a point giving the minimum air 
speed which causes flow. If the jet is 
chosen so that the line is parallel to the 
desired petrol air ratio line, then it will be 
deficient at every point by the same amount 
of petrol. This is supplied by the compen- 
sator. There are maximum and minimum 
values to the air speed at which this is true, 
but within these wide limits this combina- 
tion works. 

A second carburettor comes into action 
=) when the throttle is almost closed, this 
consists of a pipe f leading into the well, 
mentioned above, and having a small jet 
hole g in its lower end and an adjustable 
air admission above the jet. 

When starting, the well is full up to float 
chamber level, and on turning the engine, 
petrol is drawn up this slow running tube 
mixing with the air in the induction pipe and 
a slight leak past the throttle valve, which 
leak can be adjusted by a stop on the throttle 
lever. When the engine fires it begins to draw 
more petrol through this tube, the level falls 
slightly as it is fed through the compensator jet 
and the air holes are uncovered, this gives the 
slow running condition, the size of the jet and 
of the air holes being adjusted until correct. 
When the throttle is opened there is no longer 
such a high vacuum in the pipe, and the slow 
running setting ceases to function until the 
throttle is again closed. 

If the air entering above the well.at e be shut 
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off, the compensator acts as a main jet and gives 
a very rich mixture at all times. The petrol 
in the well above the compensator gives a rich 
mixture on sudden opening of the throttle. In 
the latest forms of this carburettor there is 
control of air supply to the starting jet so that 
a very rich mixture may be obtained if desired, 
and also a little air can be admitted into the 
main jet supply in the same manner as to the 
compensator supply, thus reducing the volume 
of petrol used. This gives a mixture control 
from a very rich supply at small gas speed for 
starting cold, to the weakest possible for running 
down slight grades when hot. 

The Smith Carburettor. This type is well 
known, and is designed on entirely different 
‘principles to the previous one. It consists of 
five separate “simple” carburettors (Fig. 29), 
and a sliding valve which brings them into 
action successively, the first, or ‘‘ well’”’ -acts 
in a similar manner to the starting jet of the 
Zenith, and is used for starting and slow running, 
being brought into action when the throttle is 
closed. The other jets are in small choke tubes 
drilled diagonally across a cylinder a at such 
angles that the openings come at different 
heights. A weighted valve b covers these 


ports when the engine is at rest, or when the 


throttle is closed to the slow running position 
and no air is passing it from the main jet side. 
On opening the throttle, the air in the space 
above the sleeve is reduced in pressure and the 
valve rises, opening the chokes successively as 
the speed increases. 

There are air holes c entering the chokes above 
the jets. A ring surrounding the carburettor 
allows these to be opened or closed, thus varying 
the mixture for climatic conditions. 

Many other carburettors use similar schemes 
for starting and slow running, but differ in the 
method of compensation. Many systems for- 
merly used spring-controlled valves to admit 
air at high speeds, but these are not now 
common. Others use openings in a “ barrel”’ 
type of throttle to control second jets or air 
holes. 

There is another type of carburettor which 
uses a small carburettor to produce a very rich 
mixture which is then mixed with additional 
air. One difficulty of to-day is the problem 
of obtaining a gaseous mixture with the reduced 
volatility of spirit and the reduced time avail- 
able in the cycle of operations. This requires 
the addition of heat, partly to volatilize the 
petrol and also to supply the latent heat of 
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volatilization. Heat is added in three ways 
or in combination of them. The first and oldest 
is to heat the air entering the carburettor by 
drawing it from round the exhaust pipe. This 
has a drawback. In hot weather the air under 
the bonnet has mostly passed through a hot 
radiator and, if it is then heated before reaching 
the carburettor, it may boil the petrol in the 
jet and cause “ starving.’” There should always 
be a regulator to control the proportion of hot 
air. It takes time to warm the air at starting. 
The second method is the hot water jacket on 
the induction pipe. While not having the 


disadvantage above, it has the disadvantage of 
being longer in warming up but retains its 
heat longer, so that for moderate stops it enables 
working conditions to be maintained. It is 


Compensator 
delivery 


Note: This diagram 's not 
correct for /ow air speeds 
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clumsy and requires extra piping and joints, but 
is simple and satisfactory in service. The third 
method is the hot spot, in which a small section 
of the induction pipe is kept at a high tempera- 
ture by either metallic contact with the exhaust 
pipe or by a portion of the exhaust gases being 
led round it in a jacket. 

If petrol has once been vaporized it may be 
cooled again without much condensation. 

At one time wick carburettors were used, in 
which hot air was drawn through a mass of 
cotton wicks with their lower ends in petrol. 


This gave a gaseous mixture and was not diffi- 


cult to control for mixture strength, but present- 
day petrol cannot be completely vaporized in 
this manner, there remains a small amount which 
accumulates and prevents starting and slow 
running. 
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INDUCTION PIPES 

There are many theories about induction 
pipe design. Many carefully designed pipes 
have given poorer results than those obtained 
by a hastily assembled one. The main objects 
to be attained are— 

rt. Each cylinder shall have an equal volume 
of mixture. 

2. Each cylinder shall have an equal strength 
of mixture. 

3. There shall be little restriction to gas flow. 

4. There must be no condensation in the pipe 
when running. 

3. If condensation occurs in starting or when 
cold, petrol shall not drain out of the carburettor 
nor lodge in valve chambers or form pools. 

Every possible shape has been adopted, and 
at present the rectangular pipe with mitred 
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point of view, but left the carburettor inacces- 
sible and exposed to dirt. Petrol must be filtered 
between the tank and the carburettor against— 

1. Foreign matter, paint, dirt off cans, and 
water entering by filling orifice. 

2. Water condensed from the air which 
replaces the used up spirit ; this is the source 
whence water mostly comes. 

It is still common to put gauze filters in the 
filling hole, but in view of the universal use of 
petrol pumps the danger of foreign matter is 
less than formerly, and very few filters are large 
enough to pass petrol at the speed a pump can 
deliver it, hence petrol dealers usually remove 
the filter to fill the tank. 

Tank to carburettor filters are of many types. 
Two common ones are chamois leather and 
gauze. A large number of thin copper discs 


FIG, 29. “ SMITH 


corners is often used in order to promote 
turbulence and prevent petrol being thrown on 
the walls by whirling gas (Fig. 30). At one 
time smooth outlines and easy bends were the 
correct practice. The position of the throttle 
valve will affect the disposition of the sprayed 
fuel. An arrangement as Fig. 31 is obviously 
bad, as the right-hand cylinders will get an 
advantage in slow running. 

When petrol tanks were carried under the 
driver’s seat on cars (they are still there on many 
lorries and omnibuses) the float chamber had to 
be kept low down in order to maintain a supply of 
petrol on steep hills with an almost empty tank, 
this gave a pipe which was good from a mixture 
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separated by thin distance pieces, strung 
together on a rod, are also used very effectively 
in some proprietary filters. 

Little can be said here about the practical 
adjustment of carburettors, known as “ tuning,” 
each make has to be tackled separately, and the 
carburettor makers all issue hints on the use 


‘of their own products. 


LUBRICATION 


Modern engines are lubricated on one of 
two systems. In the first or trough system, 
troughs are put transversely under the con- 
necting rod bearings, and dippers on the rod end 
touch the oil in the troughs. The oil is pumped 
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from the sump into the troughs to keep them 
full. A hole in the rod end above the dipper 
permits the oil to reach the big end, holes at the 
top side of the big end allow the oil to flow up 
the rod to the gudgeon pin, although the latter 
gets its main supply from the oil scraped by 
the rings from the cylinder walls. _ (See Fig. 18.) 

The oil thrown out of the ends of the big end 
goes on to the cyiinder walls and lubricates the 
piston. The main bearings are lubricated by 
oil pumped into pockets above them or pumped 
directly in by holes in the cap. Camshafts, 
chains, etc., are lubricated by splash from the 
big ends or by separate leads from the oil pump. 
This system uses very low pressures, not over 
2 |b. per sq. in. It is very efficient and simple. 
Troughs should be adjustable and curved so 
that the amount of “dip” is not altered by 
running on the side of a heavily cambered 
road. The dip varies on different makes from 
sz to fin. Trough systems should have large 
bore pipes, and the feed to the troughs should 
not blow the oil away from the dippers when 
running quickly. 

The second system is the complete forced 
system by which oil is pumped into each main 
bearing and then by holes drilled in the crank- 
shaft to the big ends. Sometimes a pipe is 
led up the rod to the gudgeon pin, but this 
is not necessary. Camshaft bearings, cams, 
chains, are also fed in this system. A very 
efficient filter is necessary. This can be on 
either suction or pressure side of the pump. It 
is usual now to fit two filters, a coarse one on 
the suction side and a finer one on the pressure 
side. The latter should be readily removable, 
without much difficulty, and the suction one 
should be removable when flushing out the 
engine. Pressures in this system are about 
20 lb. sq.in. Recently a type of filter in which 
a small percentage of oil is by-passed through 
a special fine filter has become popular, and is 
likely to be more general in its application. 

Oil pumps are almost exclusively of the gear 
wheel type. They should be buried in oil and, 
in order to run silently, should be cut with a 
lot of top and bottom clearance and backlash, 
but should be a good running fit in the casings. 

Oil piping should preferably be of steel with 
welded joints. No general law can be laid down 
as to suitable lubricants, it can only be settled 
by trial, but in general an oil should be used 
which will not gum up in cold weather yet not 
burn away in heat. Some cars require much 
thinner oil than others. 
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WATER CIRCULATION 


This is done either by natural circulation or 
by a pump. The former is simpler but adds 
weight, as large pipes are necessary and also 
more water. It will not work if the system is 
not full of water, so that a leak soon causes 
boiling. There must be a certain head of water 
in the top tank to take the water through the 
tubes. The lower tank of the radiator should 
be reasonably deep, or else one side of the 
radiator will do all the circulation. The distri- 
bution of cold water to the cylinders and the 
collection of hot water from them requires to 
be thought out carefully to give a good flow 
under the valves, especially the exhaust valve, 
and at the same time give uniform circulation 
to each cylinder with no short cut from pump to 
top tank. Pumps are almost without exception 


of the centrifugal type, the only exceptions are 
those of the screw type combined with a fan drive. 

Cooling fans are mostly belt driven as the 
shocks caused by accelerating and retarding 
engines put a severe load on the driving gears. 
The fan is seldom necessary on a car in this 
country for six months of the year. Radiator 
thermometers are now in very general use. 
Thermostats are also fairly common, these con- 
sist of a thin corrugated bellows of. copper con- 
taining a little air with some spirit and sealed. 
This is included in the top water pipe. A valve 
fixed to the bellows closes the outlet from pipe 
to radiator. The other end of the bellows is 
fixed to the pipe itself. When the temperature 
of the water reaches the boiling point of the 
spirit the vapour expands the bellows and 
opens the valve. There is thus automatic con- 
trol of water jacket outlet temperature, this 
permits of rapid “ warming up ”’ in starting off. 

The delivery capacity of pumps varies very 
greatly in different makes, in general the more 
rapidly water is circulated the less chance of 
stagnant spots. On the other hand, a high 
speed may permit eddies in corners. Pumps 
are often driven in tandem with magnetos to 
damp out the shocks on the drive of the magneto. 
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JIGS AND TOOLS 


By Leo KELSEY 


LESSON IX 


STANDARD JIG AND FIXTURE 
COMPONENTS 


Steels. As the cost, in most cases, of jigs and 
fixtures of all types is largely made up of the 
time spent in making them, the materials repre- 
sent but a small proportion of the total cost of 
such articles. It is, therefore, more economical 
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to use the best materials in the beginning, as it 
frequently happens that it is not possible to 
discover whether a piece of material is sound 
throughout its section until a considerable sum 
in labour has been spent upon it. 

Regarding castings for jigs and fixtures, many 
foundries now make a special class of iron for 
tool work, which is close in texture. Special 
precautions are taken to eliminate blow holes. 
Should it happen that the patterns are sent to 
a foundry which has not done this class of work 
before, the best soft grey cylinder iron should 
be specified. Only the best quality soft mild 
steel should be used, and it is more economical 
to use bright drawn than black, as in many 
cases parts of jigs and fixtures can be constructed 
of this material without any further finishing. 
Steel which has to be hardened should be of 
the very best quality obtainable, and the 
makers’ instructions on heat treatment rigidly 
adhered to. Whenever possible, precision ground 
stock, as manufactured by the more reputable 
makers, should be used. 

Bushes. A table of standard drill bushes 
appears in Fig. 83. Where possible, the latter— 
or a similar fable—should be followed, although 
in many instances it may not be possible. It 


may be noted here that many designers prefer 
heads on their drill bushes as illustrated at 
Fig. 84, but individual requirements should 
decide whether this is necessary or not. Should 
slip bushes be used, however, heads are neces- 
sary. 

Dowels. Dowels should always be made of 
even sized silver steel rod, ie. 3), in., gy in., 
Lin., £;in., {,in., tin, ~;im., 2in., ain 
Zin. The holes in which the dowels fit should 
be reamed to a smooth finish, and the dowels 
must be a good driving fit therein. 

Dowels should never be larger than the screw 
which is holding together the two surfaces which 
the dowels are locating. To make them larger 
merely weakens the part they are in, without 
increasing the resistance to movement, which 
largely depends on their fit and. not their 
diameter. 

Screw Threads. All screw threads in jig and 
tool work should be standardized. Unless the 
metric system is used in the factory, screw 
threads should be standardized on the following 
lines— 

For holes less than } in. in diameter use 
British Association Nos. 0, 2, 4, 6, 8. 

For holes over }in. and less than 1 in. in diameter use 
Whitworth. 


For holes over TI in. 
British Screw Fine (B.S.F.). 


Square threads for machine slides, etc., should 
either be of the standard square thread form or 


standard American acme thread form. The 
latter thread is the easier of the two to cut, and 
should be used unless the thrust on the screw is 
very considerable, when the square thread is 
preferable. 

Nuts, Wing Nuts, Bolts, and Eye-bolts. In 
the majority of cases, standard nuts and bolts 
can be more satisfactorily bought from firms 
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specializing in their manufacture. These, how- accordance with the tooling scheme of the com- 
ever, must be of first-class quality, up to sizeon ponent. The third point is to observe whether 
the flats and of full thread. the tool will perform the function desired of it 

In Fig. 85 is shown a table of standard eye- in the most economical and reliable manner. 
bolts which has been found satisfactory in prac- The fourth point is to see that the component 
tice. The diameter marked B is tuned as a can be easily inserted and removed from the 
sphere and the flats are milled afterwards. tool. The fifth point is that the clamps will 

Tenons. A table of standard tenons is given secure the component correctly in relation to 
in Fig. 86. Dimension A should be made to the locating surfaces, and also that they will 
suit individual machines on which the fixtures allow the preceding condition to be satisfied. 
are to be used. The sixth point is to be sure that as much 

Preparation and Dimensioning of Tool Draw- clearance as is practicable is allowed for possible 
ings. All tool drawings should be on the variation in the size of the component. 


standard quarter, half and full imperial, or If the above conditions are satisfied, there 
‘double elephant. After the general arrange- should only be the individual peculiarities of the 
m= [) 


A 
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ment of the tool has been drawn, with the com- design to contend with from a synthetically 
ponent in position (the latter usually drawn in critical point of view. 

colour), the important assembled dimensions of Milling jigs should always be heavy, and if the 
the tools should be put on, after which each cut to be taken on the component is at all heavy, 
part of the tool should be made the subject of the fixture must be massively designed. 

a separate, fully dimensioned drawing. On the Most tool drawing offices have their own 
general arrangement drawing, a list should be _ peculiarities in the production of drawings, but 
compiled of every component of the tool andits the following remarks will guide the student in 
proper name. Keference should be made by _ this respect— 


means of a number, which should apply to one Keep dimensions outside the various views as 

component only. much as possible, and see that the dimension 
Checking of Design and Tool Drawings. The lines are carried to the part in question. 

design of every form of tool should be criticized When dimensions are figured, they should be 


systematically. In many cases it is not done so as to give the shop the maximum 
possible to criticize a tool which may be one of amount of information. Never give dimensions 
a number used on one component, without of precision in fractions, but always in decimals. 


reference to the preceding and succeeding tools. Put tool detail numbers in large circles. 
Therefore, the first point to criticize in any Except in the very simplest tools, always 
design is, whether the tool in question is the make a separate drawing for each detail. 
correct one to use with reference to the layout Dimensions must all read in the same direc- 


of the component: the second point is to see tion, so that the drawing can be read without 
that the locating surfaces are correct, and in being turned round or upside down. 
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THE THEORY OF HEAT ENGINES 


By E. B. Core, B.Sc. 


LESSON XII corresponding diagram on the Mollier chart is 


shown in Fig. 36, where— 
THE TOTAL HEAT-ENTROPY I, = total heat of 1lb. of feed water at 


CHART—(conid.) lower temperature T,, which is = 
THE construction of the complete chart was (nearly equal) to area omaf on T-¢ 
described in the last lesson, but for steam, in diagram. 
actual practice, only a portion of the diagram (I, is actually equal to this area + the work 


done by feed pump per lb., but we have agreed 
to neglect this slight difference between J and 
Hi) 
“ab” represents the warming of the water up 
to the higher temperature 7,, the pressure being 
raised at the same time to P,. Thus, 

I, = total energy of 1 lb. of water at tem- 

perature Ty, 
= area ombg. 

“be ’’ represents evaporation at this constant 
temperature and corresponding pressure to a 
dryness given by bc/bk on either diagram. 

I, = total energy of rlb. of steam of this 

dryness at the higher temperature 


Hiew34 Ds 
= area ombch. 
as indicated in Fig. 34 is required. For refri- Adiabatic expansion is shown by the vertical 


geration work with CO,, the portion of the chart 
for this substance in the neighbourhood of the 
critical point is most important. 
Let us now examine the use of such a diagram. 
We have seen that the work done on the 
Rankine cycle, or the “ Rankine Heat Drop,” 


Fic. 35 Fic. 36 


is given by (H,- H,) between any two levels line cd (constant ¢) on either diagram, and 
(1) and (2), where H, = the total heat of the I, = total energy of rb. of steam, of the 
steam before the adiabatic expansion, and quality x, attained after the expan- 
H, = that after expansion. sion, at the lower temperature level 
_ The T-¢ diagram for this cycle, with steam , 

initially wet, is reproduced in Fig. 35, and the = area omadh. 
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Then from the T - ¢ chart, the work done on 
the Rankine cycle = area abcd, 


= aa Eh as 


which is approximately equal to J,— Iz, which 
on the J — ¢ chart is given by J,, the length of 
the vertical line cd. 

Hence, on the I-¢ diagram, the Rankine 
heat drop is obtained by direct measurement of 
a vertical straight line, drawn from the point c, 
representing the initial quality of the steam at 
the higher pressure, down to the constant 


@ 


FIG. 37 


pressure curve for the lower pressure. The 
final dryness is also directly indicated. 
We shall proceed to enlarge upon and use 


these results in the following sections— 


FLOW OF STEAM THROUGH NOZZLES 


In discussing the throttling of steam as repre- 
sented on the JT -¢ chart, we showed that the 
heat energy, represented by the shaded area A, 
Fig. 37, is converted into kinetic energy of the 
steam jet, which, due to internal friction and 
eddies, is reconverted into heat energy at the 
lower pressure. 

This shaded area the student will recognize 
as equivalent to the work done by an engine 
operating on the Rankine cycle. If, however, 
in allowing the steam to expand from one 
pressure to a lower, we control the steam jet 
by means of a properly shaped nozzle, we can 
make use of the kinetic energy of the jet so 
formed instead of wasting it in eddy motion. 
The steam will then have the same dryness 
after the expansion as it would have after 
adiabatic expansion on the Rankine cycle, the 
jet energy can be utilized, so that, as previously 
stated, we may consider such expansion in a 
nozzle as adiabatic and at constant entropy. 

Thus, the increase in kinetic energy of the 
steam above that possessed initially—or, if this 


1089 


latter be negligible—the kinetic energy of the 
jet will be given by 

K.E, per lb. = >> = Hy - H, 

(heat units) gJ 


or the velocity of jet v = 2g] (H, — H,). 


Let us examine this in another manner by 
considering the energy possessed by rlb. of 
steam flowing with a steady velocity V ft. per 
sec. 

The energy possessed per Ib. will consist of— 


9 


ya 


u 
1. The kinetic energy = 2g) heat units. 
fo) 


2. The pressure energy and internal energy, 
the sum of which we have previously called the 


PY 
» totalenersy” J, ie. I = EE bias 


Now, since heat and work are mutually con- 
vertible and the whole energy possessed by a 
substance remains constant, we may therefore 
write 


oy I Ugh I 
ae] + i= oe) © 2 


which represents a change in the substance 
from an initial state (1) to a final. (2). Thus— 


V2 —v,2 - 
etic ae? 
or, if the fluid be initially at rest, 
US ee Tee 
ac mee 


i.e. the velocity of the jet 


v= V2gJ (I,-1,). 


If we assume that the expansion is adiabatic 
then J,- I,, which is approximately equal to 
H,- H,, represents the work done on the 
Rankine cycle per lb. of steam, and for our 
purpose here the steam will be considered to 
flow adiabatically and without friction. Hence, 
the velocity of the jet so formed by the steam 
expanding through the nozzle can be obtained 
for any given pressure drop directly from the 
I-¢ chart, or approximately by calculation of 
the Rankine heat drop. 

Let us determine the velocity attained by 
steam initially dry and saturated on expanding 
adiabatically from a pressure of 150 lb.-sq. in. 
absolute to various back pressures. 

The results obtained from measurement on 
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the ¢- J chart are tabulated below, but the 
student is advised to calculate the velocity from 
determination of the Rankine heat drop, so 
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that he may make himself thoroughly familiar 
with both methods— 


Back Final L-I 
Pressure Dryness £222) ft v 

Lb.-sq. in. Xo B.Th.U. .-sec. 

I2 -986 15°8 890 

ale) ‘971 32 1,276 

Wf) "952 5S 1,660 

De 929 85 2,060 

2: “894 134 2,586 

SS) “871 167 2,890 

xO "856 192 3,100 

5 ae 233 3,415 

x +780 316 3,980 


In the determination from the ¢— I chart, 
a vertical line is drawn from the point on the 
“ saturation line,” cut by the constant pressure 
curve for 150 lb.-sq.in., and the intersections 
of the various back pressure curves give the 
corresponding dryness fractions x, while the 
lengths of the line give J,- J,. A scale gradu- 
ated direct in corresponding velocities is often 
printed by the side of the total heat scale. 

The graph, Fig. 38, shows these results, the 
velocity attained being plotted against the back 
pressure. 
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To Find the Cross-sectional Area of the 
Nozzle at any point of known back pressure. 

For any given final pressure we have seen how 
we can determine the dryness fraction x,. Thus, 
if wlb. of steam are flowing per second, and 
V2 is the specific volume of the steam at the 
given pressure, then the total volume passing 
this section per second will be w . *, Vy. 

This volume will be passing with a velocity 


0 = 22 J (1,=— 1.) thse. 


Hence, if A = cross-sectional area in sq. ft. 
WV 
Then) Age 


The following table gives the values of A 
necessary, as expansion proceeds, to pass I lb. 
of steam at any section at which the back 
pressure is as indicated, the initial conditions 
being as before—dry saturated steam at 150 lb.- 
sq. in. absolute— 


Bach ; | Disch 
Precaure ees A= ¥9 V sa “ao 
at Vv v _lb. per sq. ft. 
Section s2 sq. ft. per sec, 
I2 37583 "00397 252 
oo 4°429 +00337 297 
75 5°81 “00333 300 
50 8-51 00384 260 
25 16°30 *00563 178 
15 26°27 00792 126 
Io 38°38 “01058 94°5 
5 73°33 01785 56-0 
I 333 0652 15"4 


The areas are those required per lb. of steam, 
and the reciprocal of this shown in the fourth 
column will give the amount of steam that 
could pass per second per square foot of area. 

These results are plotted against the back 
pressure in Fig. 39, and the student is asked to 
examine the graphs carefully. 

On Fig. 38 also, the actual volume (V9) at 
any section of given back pressure is plotted. 

Now, while we are enabled by this method to 
find the area of cross-section for any back 
pressure, we have no means, as yet, of deter- 
mining the actual shape of the nozzle, since we 
do not know how the pressure. varies along the 
axis of the nozzle. If we assume a uniform 
pressure drop along the axis, then the nozzle 
form will be that shown in Fig. 39, where the 
diameter has been plotted against the uniform 
back pressure scale. However, for our purpose 
here, the actual shape does not matter, 
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The area of cross-section depends on the ratio 
xV,/v, and, examining Fig. 38 for these two 
quantities, we see that as the back pressure is 
reduced the velocity v increases and, therefore, 
the area required tends to diminish, but at the 
same time the volume is increasing which will 
require an increase in area. 

At first, however, the rate of increase in 
velocity is greater than the rate of increase in 
volume, which means that the area gradually 
diminishes, but after a certain point, here about 
a back pressure of 87 lb.;sq.in., the rate of 
increase in volume exceeds that of the velocity, 
and hence the area required will begin to 
increase. Thus, the nozzle first converges to a 
throat and then diverges. 

Consider now the discharge curve for a back 
pressure above that at which the throat occurs, 
say, 125 lb.-sq. in., the nozzle required would be 
the portion AB, and if the exit area at B were 
I sq. ft., then 252 lb. steam would be discharged 
per second. The shape of the nozzle would 
be convergent. Similarly, for any other back 
pressure down to that at which the throat 
occurs the nozzle is convergent, and if the exit 
areas were in each case made equal, we see that 
the quantity of steam which can be passed 
increases as the back pressure diminishes. But 
after the throat section is passed the nozzle 
diverges, and the quantity of steam per sq. ft. 
per second now diminishes. 

Thus, given any particular nozzle, the mass 
flow per second can be increased by reducing 
the back pressure to a certain definite value, 
at which the throat or minimum area is formed. 
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Reducing the back pressure below this value 
does not increase the mass flow, this being 
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determined by the smallest section, but does 
increase the kinetic energy. 

In our case, the value of this critical back- 
pressure is 87 lb.-sq. in., or about 0-58 times the 
initial pressure (150 Ib.). 
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STEAM TURBINES 


By W. J. Kearton, M-Enc., AM.I-Mecse.E., AMINA. 


LESSON VIII 


CONSTRUCTIONAL DETAILS OF 
IMPULSE STEAM TURBINES— 
(contd .) 


Blades. It was natural that in the early tur- 
bines the blades should be formed by bending 
sheet metal into a curve, such that the tangent 
to the curve at the inlet edge of the blade would 
coincide with the direction of inflow of the steam 
relative to the blade, Fig. 31. The sudden 
change of direction suffered by the steam when 
passing through the curved channel between 
the individual blades causes the steam to be 
compressed, and the width of the flowing stream 
would tend to diminish somewhat, as indicated 
roughly in the left-hand side of Fig. 31. 

The idle space immediately in front of the 
blade would be full of eddies, and the energy 
absorbed in sustaining these eddies would be 
a dead loss. Usually, the width of the channel 
z is made more or less constant, thus giving a 
blade section somewhat like that shown in the 
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right-hand side of Fig. 31. With equal inlet 
and outlet angles, the radius r — R~—z. 

of Blades to Rotor. Owing to 
the high peripheral velocity common in modern 
steam turbines, the centrifugal force tending to 
wrench the blade from the rotor is fairly con- 
siderable, especially with long blades. The 
attachment of the blades to the rotor is thus a 
most important detail. 


The principal desiderata may be enumerated 
as follows— 

1. The method of attachment and the 
dimensions of the parts should be such that the 
factor of safety in the principal parts is approx- 
imately constant. 

’ “2. As far as possible, the machining and other 
operations should ke free from “the personal 


Dove-tailed Blades. 
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equation.” The amount of fitting should be a 
minimum. 

3. It is an advantage to be able to renew 
any individual blade without disturbing the 
others. 

Three common forms of attachment are 
illustrated in Fig. 32. 

In the “‘ straddled ” blade, the blade root is 
forked and forced on to a projecting lip which is, 
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practically speaking, a continuation of the disc. 
Each blade is secured by the equivalent of one 
rivet in double shear. The rivet holes are 
slightly countersunk, and the actual filling of 
the countersink is done by a special machine. 
The blades are attached to the rotor in a very 
efficient and direct manner, and any one blade 
may be removed and renewed without disturb- 
ing any of the others. 

The dovetail method is used almost exclu- 
sively for velocity-compounded wheels, but 
there are still many builders who use it for the 
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fit into recesses in the rim and prevent the fork 
opening out. : 
Rotors. The rotor disc serves to transmit 
the torque from the blades to the shaft, and 
also to carry the blades and hold them against 
the forces due to inertia. It is the latter func- 
tion of the rotor disc and the necessity of resist- 
ing the inertia forces due to its own mass, which 


* influences its shape. 


The only stresses of any importance in a rota- 
ting disc are the hoop stresses and radial stresses. 
The meaning of these terms will be understood 
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single-row wheels. It does not give such a 
simple state of stress as the straddle method. 
In order to insert the blades during assembly, 
it is necessary to cut a slot or port in the rim 
at some point. The blades are then driven 
round to their correct ‘positions until the 
whole rotor is bladed. The “port” is then 
filled up by a special filling piece and, of 
course, there is a gap in the blade ring at 
this point. If it is desired to remove a blade 
that happens to be on the side opposite the 
slot, then it is necessary to remove half the 
blades. Another disadvantage of this type 
of fastening is the relatively wide rim that is 
required. 

The modified straddle attachment shown in 
Fig. 32 is adopted for long blades and high 
peripheral velocities. The periphery of the 
disc is turned to a T-section, and at one point 
slots are cut in the flange so that the blades may 
be slipped on. Projections A on the blade root 


by referring to Fig. 33. Imagine an “‘ element ” 
of the disc, ABCD, bounded by the circular 
arcs AB and CD and the radial lines AD and 
BC. The stresses perpendicular to AB and 
CD are termed radial stresses, and those per- 
pendicular to AD and BC are called tangential 
or hoop stresses. / 

The variation in the magnitude of these 
stresses depends, as one would expect, on the 
cross-section of the disc. In a rotor of which 
the disc proper is of constant thickness, as 
shown in Fig. 34, the radial stress near the hub 
will be very small, and near the rim will have 
some value f,,. owing to the centrifugal force 
on the blades. The distribution of hoop stress 
is shown by the curve, and it will be seen that 
the greatest value of this stress occurs in the 
metal near the hub of the rotor. 

If the most economical use is to be made of 
the material of the rotor, then the stresses should 
be fairly uniform throughout the section. This 
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ideal is more or less realized in a well-designed 
disc by varying the thickness as shown in 
Fig. 35. 

In order to preserve equality of steam pres- 
sure on both sides of the discs, it is usual to 
bore pressure-balancing holes in the discs as 
shown in Fig. 33. Such holes weaken the disc 
in their neighbourhood. 

The wheels are sometimes forced on to their 
seats on the shaft by means of hydraulic presses. 
Some amount of force fit is necessary ; otherwise 
the bores of the wheels would open out to such 
an extent that they would become loose on the 
spindle. Some makers, on the other hand, 
interpose a hard bronze tapered bush between 
the wheel bore and the shaft, and claim that by 
using dissimilar metals, “‘ biting” or “‘ seizing ”’ 
is prevented. 

Another method, which is utilized by the 
English Electric Co., is illustrated in Fig. 36. 
The hub of the wheel is bored out slightly 
larger than the diameter of the shaft. Recesses 
are bored in each end of the hub for “‘ support- 
ing rings,” each of which is gauged to suit the 
diameter of the shaft and recess. It is stated 
that when the discs are rotating at their normal 
speed, the strains in the hub are such that the 
ends of the hub nip the supporting rings so that 
the discs are held quite tight. The wheels are 
located axially by every second ring which fits 
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into a recess in the shaft. The torque is trans- 
mitted from the central portion of the hub only, 
through two sunk keys. As there is a radial 
clearance between the shaft and the bore of the 
wheel, and also an axial clearance between each 
disc and its neighbours, shaft flexure does not 
tend to cause slackness. 

Spindle. The spindle is a high-grade steel 
forging machined all over, and sometimes bored 
from end to end for the purpose of inspecting 
the centre of the forging. 

The size, i.e. the diameter of the spindle, is 
not decided according to the magnitude of the 
shear stress produced by torque, but so that the 
normal running speed will be sufficiently far 
removed from the criticalspeed. This condition 
usually involves a spindle of very liberal 
dimensions, as will be apparent from Fig. 37. 

When the discs are forced on the spindle by 
hydraulic jacks or a press, the diameters in the 
central portion of the. spindle are “stepped ”’ 
from each end to the central collar A, the discs 
being secured finally by fine-threaded nuts 
screwed on B and C. The spindle is screwed 
at D for the nut securing the adjusting block 
collar and also for the emergency governor, and 
it is tapered at E for the solid coupling which 
is secured by a nut screwed on F. 

The complete rotor should be balanced stat- 
ically or dynamically. 
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By Percy E. Rycrort, M.B.E., M.1.E.E. 


LESSON VIII 
MECHANICAL STOKERS—(conéd.) 


Tue self-contained travelling grate stoker 
manufactured by the Underfeed Stoker Co., 
Ltd., is of particular interest from the fact that 
a complete forced draught equipment including 
both fans and an electric motor, together with 
stoker driving gear, form an integral part of the 
apparatus. 

In principle the stoker is similar to a chain 
grate so far as carrying the fuel through the 
furnace is concerned, but the details of con- 
struction have many points of difference. 


The grate surface is composed of fingers or 
inset pieces carried by frames in which they are 
uniformly spaced, and provide a means for 
admitting a suitable supply of air through the 
fuel bed. 

The grate sections are supported by angle 
shaped carrier. bars which extend across the 
full width of the grate and are mounted on 
endless chains arranged at either side. 

These, in turn, gear with suitable driving 
sprockets operated by the driving mechanism 
and having a range of eight speeds. 

The box-shaped sections, when travelling 
through the furnace, form rectangular ducts 
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through which air is forced under pressure from 
the main fan ducts at either side. 

Suitable variation in the amount of air pres- 
sure required along the length of the grate is 
obtained by means of longitudinal triangular 
dampers, which can be placed in any desired 
position so that the air can be admitted pro- 
gressively from front to rear of the stoker. 

The fans—one for either side of the grate— 
together with the electric motor for driving 
them, are mounted on a common shaft situated 
immediately in front of the stoker hopper and, 
as already indicated, power for operating the 
stoker drive is also obtained from the same 
source. 

The general arrangement of the complete unit 
will be apparent from Fig. 49, and the apparatus 
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passing round the sprockets at either end of the 
grate. The sides of the links are corrugated and 
special attention is paid to accurate air spacing. 

Another particular feature of this link is the 
provision of a dowel on either side of it, each 
being towards its own end and loosely fitting 
into a corresponding recess in the adjacent link. 

This arrangement prevents a link falling out 
of position should a breakage occur at any time, 
and is a useful precaution against complete 
jamming of the grate due to this cause. 

The grate is ordinarily designed to operate 
under induced draught only, but can be adapted 
for forced draught conditions when this is 
required. 

The Riley Retort Stoker. The general prin- 
ciple of the retort type of stoker have already 


Fic. 49. SELF-CONTAINED TRAVELLING GRATE STOKER 
(Underfeed Stoker Co., Ltd.) 


is suitable for burning a wide range of fuel, 
including low volatile coal and anthracite, coke 
breeze and low grade bituminous slacks, con- 
taining up to 50 per cent of ash, as well as the 
higher quality of fuels. ; 

Bennis Chain Grate. Another stoker of the 
chain grate type is made by Messrs. Edward 
Bennis & Co., Ltd. 

In essentials it differs little from preceding 
examples, the grate proper taking the form of 
an endless chain built up from a number 
of relatively small cast-iron links connected 
together transversely by steel rods, and the 
whole being driven by suitable mechanism 
mounted at the front of the stoker. 

The stoker links are of a special patented 
design rounded and “halved” together at 
either end. By this arrangement the grate sur- 
face remains unbroken even when the links are 


been referred to, and the Riley grate consists 
of a series of channels or retorts extending from 
the front of the boiler to the ash plates at the 
rear and with an inclination to the horizontal 
of about 25°. 

The sides of the retorts are designed for a 
reciprocating movement and carry a number of 
“stepped” cast-iron blocks which form a con- 
tinuous grate surface between the retorts, but 
are cast with suitable openings so that air can 
be forced under pressure into the fuel bed. 

The retorts are spaced about 18 in. apart, and 
the fuel is forced into the upper end of the 
channel by means of a mechanically operated 
ram or plunger. 

The amount of coal delivered at each move- 
ment of the ram is regulated by a stroke adjus- 
ter, and the travel of the reciprocating sides can 
also be varied as required. 
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In action the combined mechanism, assisted 
by gravitation, results in a joggling motion, 
which carries the fuel slowly through the furnace 
and on to the ash plates which extend across 
the entire width of the stoker at the rear. 

Here there are “rocker” plates mechanic- 
ally operated which, having a combined hori- 
zontal and vertical motion, continuously crush 
the residue of ash and clinker against a bridge 
wall, the space between which and the rocker 
bars being adjusted by means of an exterior 
hand-wheel. 

Erith-Roe Stoker. In the Erith-Roe appara- 
tus the general principle of the retort type of 
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necessary precaution with certain classes of 
heavy coking coals which otherwise would 
readily form into a solid mass through which 
the air necessary for complete combustion would 
be unable to find its way. 

Separate movement is also provided for the 
extension plates on which the final stages of 
combustion take place, and the clinker when 
finally burnt out is automatically discharged 
over stationary ash plates. 

Underfeed Stokers. The main principle of 
the wide range of apparatus manufactured by 
the Underfeed Stoker Co., Ltd.—apart from the 
“travelling grate ’’ mentioned elsewhere—and 
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(Longitudinal section) 


stoker is retained, but a number of special 
features have been introduced. 

The most notable modification is the introduc- 
tion of several additional movements to the grate 
parts, all independently controlled and _ all 
capable of being individually adjusted. 

Special “ pushers ’”’ are fitted in the bottom 
of each retort to ensure a positive move- 
ment of the fuel, and to assist in breaking up 
the fuel bed in order to ensure suitable porosity 
for an adequate distribution of air. For a 
similar reason separately operated slicing bars 
are placed between each retort unit, the small 
tuyere blocks on either side being stationary. 

These various movements combine to keep 
the heavy mass of fuel constantly disintegrated 
under all conditions of working, a particularly 

70—(5462) 


included under the above heading, is that the 
raw coal is introduced on the underside of the 
fuel bed so that it is partly coked before it 
reaches the surface. 

By this method of feeding, the volatiles which 
are given off by the green fuel have to pene- 
trate an incandescent fire bed before entering 
the furnace, and in the process are sufficiently 
heated to ensure that when mixed with a correct 
proportion of air smokeless combustion will 
result. 

The fuel is fed into a central trough extend- 
ing from front to back of the furnace, and from 
the edges of this trough grate bars slope away 
to either side. 

The actual feeding is accomplished either by 
means of a steam ram and push plate, extending 
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over the length of the trough or, in smaller 
plants—as in Lancashire boilers and the like— 
by means of a worm or spiral. 

With either arrangement the incoming fuel 
is eventually forced over the edges of the trough 
and moved gradually to the sides of the grate. 
In the case of the ‘‘ E”’ type stoker this move- 
ment is assisted by means of the slightly 
reciprocating grate bars. Ash and clinker from 
the sides of the grates are removed periodically, 
either by hand or mechanical means. 

Fig. 54 gives a general interior view of the 
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against a long coiled spring, and released at 
definite and regular intervals by means of a 
tappet motion at the side. The effect of this 
sudden release is to scatter or “ sprinkle” the 
contents of the shovel through the furnace 
exactly as a good fireman would do by hand. 
By varying the lift of the tappet, four degrees 
of “throw” are made possible in regular 
sequence, so that an even body of fire is main- 
tained throughout the length of the furnace. 
The fire grate used in conjunction with the 
“sprinkler ’”’ is made up of rectangular troughs 
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“FE” type stoker—one of the most popular of 
the series—as applied to a water tube boiler. 

Sprinkler Stokers. The sprinkler stoker is one 
of the many types produced by Edward Bennis 
& Co., Ltd., and is more especially adapted for 
use with cylindrical boilers. 

The principle adopted embodies one of the 
old golden rules for hand firing—‘ little and 
often ’’—without entailing the grave disadvan- 
tage of continually opening the furnace door 
which the adoption of such a rule makes neces- 
sary when a human operator is concerned. 

Immediately outside the furnace front is 
fitted a small hopper from which a mechanical 
shovel automatically receives a predetermined 
and comparatively small amount of fuel. 

The shovel arm is attached to a steel rocking 
shaft, and is forced back by cam movements 


about 4in. wide which extend over, the’ full 
length of the furnace and carry narrow fire bars 
in sections about 2 ft. long, 

Air is forced into the troughs at the front end 
by means of small superheated steam injectors, 
and the bars are spaced to ensure even air 
distribution through the fuel bed. 

The troughs are given a slow reciprocating 
movement of about 4 in. in all, the bars being 
pushed into the furnace together but withdrawn 
separately ; the cam movements for this pur- 
pose being so arranged that a8 one trough is 
withdrawn those on either side of it remain 
stationary. b 

By this arrangement clinker is automatically 
broken up and carried to the back of the bars, 
where it passes into an ash dump and is removed 
as required. 
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LESSON V 


INDICATORS FOR HIGH 
SPEED ENGINES 


Tit ordinary piston and pencil indicators are 
useful instruments tp to ou 4oo revolutions 
per minute, but with higher speeda the lig 
occasioned by the mass of the moving parts, and 
the relative slowness of the indieator oseilla 
tions, become so pronounced in their effects (hat 
no reliance can be placed on the diagrams, 
Modern designs have, therefore, sought to reduce 
(he mass of the moving parts and to stiffen the 
spring, so that the indicator oscillations should 


be extremely rapid and of small amplitude, 


light moves horizontally over the screen 


rietional resistances have also been reduced in 
comparison with those obtained on ordinary 
indicators, 

Diaphragm Optical Indicator, The mano 
graph type of indicator was first introduced by 
the ylate Professor John Perry, There are 
various modifications of this type of indicator, 
but the usual lines of construction are shown 
dingrammiutically in dp, 26, In this arrange 
ment a diaphragm C is connected to the engine 
eylinder through the cock Band pipe A, The 
variations of pressure defleet the diaphragm, 
and this motion is transferred to the point // 
on the back of the mirror 7, A beam of light 
from an electric bulb / passes through a, eros 
alit S and is caused to fall on the mirror At by 
the priam or mirror 7, ‘The tilting of the 
mirror M by the diaphragm cates the reflected 
spot of light to move vertically on the ground 
glass screen ZL. A small erank or eccentric 1 
in phase with the engine erant is driven from 
the engine at the same speed, and aetuates the 
point G at the back of the mirror AZ, This 
action alone tilts the mirror so that the igh of 

Ir 
is a fixed point of support at the back of the 
mirror in the centre, The combined motions 
cause the spot of light to trace out a diagram 
of pressures on the screen L to a stroke base, 
If Sagtcad a dark slide with photographic plite 
can be substituted in place of the slide 4, 

The main objections to this type of indieator 
are due to the heating of the diaphragin, biel 
of uniformity of the seale of pressure, the length 


of the pipe @ with the change of engine clear 
Anice volume on opening the coek, and vibration 
of the indicator Hf supported from the engine, 
lo keep down the heating effeet on the dia 
phragm and to prevent “organ pipe” effeet in 
the pipe “7 when running at high speeds, nlekel 
HiuiZe is sometimes iiserted in the pipe 4, 
Hopleinaon Optical Indicator, ‘There has been 
i ostvone tendeney in recent years to abandon 
the diaphragm arrangement for high speed work 
nd, instead, to make ise of a elt piston and 
i strong bewin spring supported externally to 
avoid heating of the apring, ‘Phe Hopkinsen 
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optical indicator, built by Dobbie Metnnes & 
Clyde, Ltd,, waa probably (he first to adopt 
this arrangement, A seetional view ja given in 
ig, ay, ‘The light hollow piston /° conneets by 
aclip to the beam spring Y, the spring being 
supported at the two ends, The deflection of 
(he beam is transmitted by the Hehe tink AY to 
the pivot / on which the mirror // is mounted, 
The tilling of (he mirror refleets a spot of light 
on to & ground glass sereen and a photographie 
dark slide can be substituted for the sereen to 
obtain a permanent record, The whole of the 
upper part of the indicator swivels about the 
ball bearings shown so that the motion is pro 
portional to that of the engine piston, The 
mirror, being earried on this part, thus receives 
4 motion so that the spot of Hight will travel 
across the sereen and give & copy of the motion 
of the engine piston, Liners ean be inserted in 
the eylinder with corresponding sizes of pistons 


1100 


to alter the scale of the spring to suit the pres 
sures being measured, 

Objections are sometimes raised to the use of 
a beam spring supported at both ends becnuse 
of frictional resistances at the points of support 
as the beam is deflected, This has caused other 
designers to prefer a cantilever spring, In the 
Burstall indicator the light barreleshaped piston 
is connected to a cantilever type of spring 
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ta, a9, THopxcinson 
bolted at one end to the body of the indicator, 
At the outer end of the spring a mirror is 
fixed so as to reflect a spot of light, The 
deflections of the spring, due to the load on 
{he indicator piston, tilt the mirror and cause 
the beam of light, after falling on another 
rocking mirtor, to move over a ground glass 
screen or photographic plate aeeordingly, 
This rocking mirror is given a motion pro 
portional to that of the engine piston, and 
thus the combination of the motions of the 
two mirrors results in an indicator diagram 
being traced out by the spot of light on the 
screen, 

Collins Micro-indicator, In the Collins micro 
indicator, built by the Cambridge Tnastrument 
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Co,, Ltd,, the indicator piston is also connected 
to a cantilever spring, but no attempt is made to 
magnify the motion, On the end of the spring 
is a fine stecl point or stylus arranged to mark 
on a piece of celluloid on the indicator drum, 
The drum receives a reeiprocatory motion in the 
usual way and a record is thus obtained, The 
diagram, however, is very small, and a miero- 
scope with an internal scale is provided to 
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magnify the diagram for purposes of measure- 
mont, Et is claimed that there is very little 
frictional resistance between the marking point 
and the celluloid, The drum is so arranged 
that a number of diagrams may be taken on 
the same disc of celluloid, No doubt. this 
indicator will be less affected by engine vibra- 
dion than the other high speed indicators using 
optical methods of magnification, 

R.A.E, Electrical Indicator, A high speed 
indicator developed at the Royal Aircraft 
establishment is made by Messrs, Dobbie, 
McInnes & Clyde, Ltd, and is named the 
“Farnboro ”’ Electric Indicator, Tt operates on 
a new principle as applied to indicators, and 
almost eliminates the effeets of inertia and 
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indicator oscillations. The primary operating 
parts of the indicator are shown diagrammatic- 
ally in Fig. 28. A light contact disc on the 
underside is subjected to the cylinder pressure, 
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while the other side of the disc ha 
air pressure acting he ai 
from an air botile. T 
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that of the air pressure on the 
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diagram can be made to include points from 
any number of cycles varying from I00 to 1,000 ; 
the number of points on the diagram would 
then vary correspondingly between, say, 200 
and 2,000. 

The indicator drum is rotated in unison with 
the crank shaft of the engine and, therefore, the 
diagram is on a crank angle base. It is a com- 
paratively simple matter to obtain from the 
rotary diagram the equivalent diagram on a 
piston stroke base. 

Further details of 


some of these indi- 


cators may be obtained from the series of 
papers on “ Indicators,’ read before the Insti- 
tution of Mechanical Engineers in January, 
1923. 
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The Gale! high speed indicator resembles the 
Farnboro indicator in so far that the diagram 
is obtained as a succession of points obtained 
from a succession of cycles, but differs in that 
the Gale indicator is wholly mechanical. The 
points at which the pressures are measured are 
selected by holes bored in two rotary cocks, or 


. sleeves, one sleeve being driven from the engine 


in unison with the rotation of the engine crank 
and the other rotated by hand. That rotated 
by hand selects the point at which the pressure 
is measured, and the indicator piston, pencil, 
and spring, etc., move in accordance with the 
pressures exerted and gives a record on an 
ordinary type of drum. 


1 The Engineer, 24th Sept., 1926. 


By J. F. Corrigan, M.Sc., A.I.C. 


LESSON XX ; 
THE ATLANTIC TELEGRAPH 
LORD KELVIN (1824-1907) 


Born in Ulster in 1824, William Thompson 
(afterwards, Lord Kelvin) was both an engin- 
eering and an electrical pioneer. So numerous 
were his discoveries, and the improvements 
which he effected in engineering and electric 
technique, that it is impossible to mention 
more than the smallest fraction of them here. 
One important feature of Lord Kelvin’s life, 
however, is the part which he played in the 
laying down of the first practically successful 
Atlantic telegraph. 

From his earliest days, Lord Kelvin had been 
interested in the proposition of the Atlantic 
telegraph, and he followed with more than 
ordinary scientific interest the earlier attempts 
which were made to lay it. Before Kelvin’s 
participation in the Atlantic telegraph scheme, 
one of the great difficulties which confronted 
the cable layers was that of devising a method 


of paying out the cable in a uniform manner 
as the ship proceeded in its course. Kelvin, 
however, devised a method of making the cable 
pay itself out automatically. If any break 
occurred during the paying out operations, the 
end of the cable was automatically gripped, 
thus obviating the necessity of having to spend 
many laborious days in searching for the Jost 
cable. 

Kelvin’s method of sounding the ocean bed 
was of the utmost assistance to the early cable 
layers, as was also the method he invented for 
coiling the cable in the ship in the minimum of 
space. 

To him also are due a special mirror reflecting 
galvanometer used in long distance telegraph 
work, and the now greatly used syphon recorder. 

Kelvin’s researches, assistance, and advice 
in the Atlantic telegraph scheme ultimately 
resulted in the successful completion of the 
cable in 1866, and in recognition of his work in 
that direction, he received the honour of a 
knighthood, becoming Sir William Thompson. 

In addition to his work on the Atlantic 
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telegraph, Kelvin closely followed up and 
advanced the work of Joule and Carnot on the 
relations of heat and energy. He enunciated 
the principle of the dissipation of energy, a law 
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which was at first disputed but which was 
afterwards fully accepted. As a successor to 
Joule and Carnot, Lord Kelvin has incurred the 
debt of the engineering world. His work on the 
nature of heat and energy, and his insistence on 
the validity of the doctrines of his prede- 
cessors, resulted in engineering theorists and 
designers gaining a firmer and a clearer per- 
ception of the problems which were set before 
them. 

Kelvin was educated at Cambridge. He 
received his degree from that University, and 
at the early age of twenty-two he was appointed 
to the Chair of Natural Philosophy at Glasgow 
University. Queen Victoria raised him to the 
peerage in 1892, the year in which he occupied 
the presidency of the Royal Society. Between 
these two events which took place at the 
extremes of his life is to be found a long period 
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- of ceaseless-work -and activities-on-the part of) 


Kelvin in one scientific or engineering field or 
another. we 
Lord Kelvin died in 1907.__ He was buried in| 
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Westminster Abbey with simple yet impressive 
ceremony, and with honours which were most 
deservedly due to him, if only on account of his 
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major participation in an attempt to link 
together two powerful nations in the bonds of 
peace and friendship by the material and sym-~ 
bolic power of a slender telegraph line. 
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BLAST FURNACE PRACTICE 


By Percy C. R. Krnascorr, D.1.C., A.R.CSc., F.1.C., B.Sc.(Lonp.) 


LESSON IX 


MATERIALS USED IN IRON 
SMELTING 


ORES 


ALTHOUGH iron comprises about 4-4 per cent 
of the crust of the earth, it very rarely occurs 
native, with the exception of that in the form of 
meteorites. Iron has a_ strong affinity for 
oxygen; thus, the most important source of 
iron, from the point of view of the smelter, is 
that of iron oxide. It also occurs as carbonate 
and silicate of iron, both of which compounds 
are used in the blast furnace. 

An ore consists of the compound of iron 
associated with a gangue of earthy material, 
and in the action of smelting, the iron compound 
is broken up, liberating metallic iron. The 
gangue combines with the added flux to form 
the very essential slag, 

This gangue usually consists of silica, alu- 
mina, lime, magnesia, oxides of manganese, 
compounds of sulphur, alkalis, etc., in varying 
proportions. Sometimes the proportions of 
silica, or acid constituent, and lime and 
magnesia, or basic constituents, are such as to 
constitute a self-fluxing mixture, but generally 
there is a deficiency of basic materials, and this 
must be made up by the addition of basic 
flux in order to form a workable slag. In 
some districts the gangue is highly calcareous 
and needs the addition of acid or siliceous com- 
pounds in order to flux it. 

The chief types of ore are as follows— 

Magnetite (Fe,0,). This ore contains, when 
pure, 72-4 per cent of iron, and is thus named 
on account of its property of being attracted 
by a magnet. Itisa very dense ore, and is not 
easily reduced in the blast furnace. Rolling 
mill scale is similar in composition. 

Hematite (Fe,0;). This ore contains, in the 
pure state, 70 per cent of iron and is, as its 
name implies, of a red colour, Red iron rust 
is of identical composition. Hematite ores 
occur in two main divisions of commercial 
value, viz.— . 

(2) Ore low in phosphorus content suitable 
for acid steel manufacture. 


(b) Ores containing larger amounts of phos- 
phorus suitable for basic steel manufacture 
or ordinary foundry work. 

Brown Ore (Fe,O,,nH,O). These ores are 
hydrated sesqui-oxides of iron, differing from 
hematite ore only by the presence of combined 
water, There are several varieties, the chief 
of which is Limonite, or 2Fe,O, 3H,O containing, 
when pure, 59-9 per cent of iron. When heated 
to a sufficiently high temperature it breaks down 
to the red hematite giving off the combined 
water. Limonite is of a yellow colour, and 
gives a yellow streak on porcelain. 

Other ores of varying degrees of hydration 
give streaks varying from yellow to red, 

Siderite (FeCO,). Siderite or spathic ore con- 
tains, when pure, 48-3 per cent of iron and 
37°9 per cent of CO,. It is rarely used direct in 
smelting, but undergoes preliminary calcination 
in order to expel the CO, and other impurities 
leaving the red ore. It is sometimes associated 
with coal measures as black band ore. 

Silicates. When found naturally, these ores 
generally contain small amounts of iron. They 
are generally obtained as slags or cinders from 
puddling and reheating furnaces. They usually 
contain about 55 per cent of iron and 20 to 
30 per cent of silica. These cinders are very 
variable in composition, but are valuable in 
increasing the slag volume or in decreasing the 
ratio of alumina to silica in the slag when 
aluminous ores are used. 


COMPOSITION OF ORES 


The value of an ore depends largely upon the 
kind of iron to be produced, and thus it must 
conform to a certain range of composition. 
Amongst the materials present are some which, 
in the process of smelting, combine with the 
molten iron, giving it certain characteristics. 
The chief among these elements ~are silicon, 
phosphorus, sulphur, and manganese, 

Silicon is derived from silica, but that enter- 
ing the iron probably comes chiefly from the 
ash in the fuel. Silica in ores is a diluent, but 
is necessary in admixture with limey ores. 

Phosphorus is not controlled by the smelter. 
It is thus essential that the phosphorus content 
of the ore must not exceed that permissible in 
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the corresponding quantity of iron produced, 
for the latter absorbs all the phosphorus present 
in the burden. Phosphorus is generally present 
as Apatite or calcium phosphate. 

Sulphur is a very deleterious element in ores 
and, if present in large quantities, should be 
removed by preliminary roasting. Its presence 
requires the use of extra flux and fuel. Sulphur 
occurs chiefly as sulphide of iron, but,is also to 
be found as sulphates of basic materials. 

Manganese is more difficult to extract from 
its compounds than is iron, and the quantity 
reduced depends upon several factors in the 
furnace hearth. Under normal conditions, from 
50 to 75 per cent of the manganese present in 
the ore is reduced and enters the molten iron. 
It prevents the combination of sulphur with the 
iron, and ores containing 5 to Io per cent of 
manganese are sometimes deliberately mixed 
with other ores in which the sulphur content is 
too high. 

Other components of the ore, such as alu- 
mina, lime, magnesia, and the alkalis do not 
affect the ore from the standpoint discussed 
above, as they do not enter the iron. 

Accessibility. The accessibility of an ore is 
obviously of great importance as regards 
transport to the fuel or vice versa, and also the 
distance from the iron consumers or ports. How- 
ever, the qualifications affecting the value of an 
ore are interdependent, for it is possible for a 
rich ore to be associated with deleterious 
elements to such an extent as to render it value- 
less, and yet an ore containing a much smaller 
percentage of iron may be exceedingly valuable 
owing to its general accessibility or because it 
is calcareous or even self-fluxing. 


VALUATION OF ORES 


- Pig-iron, as stated above, is always associated 
with other elements, and generally contains from 
g2 to 95 per cent of pure iron, whether produced 
fromarichorapoorore. It has been found that 
this fixed amount of iron takes a fairly constant 
amount of carbon for reduction, impregnation 
and melting; hence the valuation of an ore 
depends largely upon the treatment of the slag. 
The quantity of the latter depends upon the 
amount and properties of the gangue, for upon 
these depend the quantity of flux to be added. 
The quantity of fuel required to melt the slag is 
also known with a fair amount of accuracy. 
Providing that the ores are of the same 
class and that they are used in the production 
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of similar kinds of pig-iron, the following method 
of valuation given by Forsythe can be used— 


Analysis of Ore. 

Fe SiO, CaO MgO Al,O; MnO P S 

45" 2) Ose oS EPPO 104 p03, 
Flux. 

52 per cent available base or efficiency of the 
limestone. 

55 per cent slag forming material. 


Fuel. 


79 per cent available carbon. 
Assume 25 per cent limestone required to flux 
the ash. 


Slag. 
Ratio bases to acid, 1-3 : I. 

Pig-iron. 
Sie pelcent: He 4 per cent, 

The amount of ore required, assuming no 
smelting loss, to produce r ton of pig-iron = 


ges 218 tons. 
43 

The amount of silica reduced to produce 
2 per cent Si in 1 ton of pig = -043 tons. 

Hence, determining the quantity of limestone 
required per 100 units of ore— 


SiO, in ore. + = 15°7. CaO in ore 1-2 
SiO, reduced to Si = 1°9 MgO a 5 
4Mn0O ,, “17 
SiO, to flux = 13-5 1-87 


Bases required to flux the silica are 
by— 


3°68 X 1:3 17°94 
Already present . 1°87 
Bases from flux . 16:07 


Amount of limestone flux 
16:07 
52 
Hence, limestone per ton of pig 
= 2:18 X +309 tons 
= +6736 tons. 


= 30-9 per cent of the ore. 


The weight of slag from the ore per ton of pig 


= (-138 + -031 + -0187) X 2:18 = +409 tons 
Slag from flux = -6736 X *55 = ‘370 tons 
Total +779 tons 
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Assuming that the slag requires 25 per cent 
its weight of carbon to melt it— 


Tons 
Carbon to melt the slag = -779 X +25 = Os 
According to Gordon, carbon needed to reduce, 
impregnate, and melt pig-iron with 1 per 
cent Si, and blast at 1,000°-1,200° F. = +660 
Carbon for extra 1 per cent Si = +050 
“905 
Tons 
: : *905 : 
Coke required per ton of pig = = == ons 
Allow 5 per cent extra for breeze 057 
Total coke 1*202 
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The fuel requires 25 per cent limestone to 
flux the ash, hence, total limestone is— 


Tons. 

Required by ore . 6736 
Required by coke ash 3005 
Total 9741 


Knowing the prices of the above materials, 
it is possible to compare the values of different 
ores assuming constant overhead charges. 


Similarly, the cost of production of pig-iron can 
be .calculated provided that wages, repairs, 
fixed charges, and other factors are known. 


By JAMEs KNowLEs 


LESSON VII 
THE BESSEMER PROCESS 


THE steel making processes thus far described 
have been those concerned with the manufac- 
ture of steel for cutlery, springs, engineers’ 
tools and high-class cutting purposes generally. 
In these the carbon contents usually run from 
0-60 to I-60 per cent; they are produced in 
relatively small quantities and, in many cases, 
may be quoted and sold by the pound. Their 
original source is the black magnetite ore of 
Sweden, whose purity is reflected in the finished 
products. 

There still remains that other great class, 
viz., structural steels—to be considered. These 
are made by either the Bessemer or open hearth 
processes, from which tremendous outputs are 
obtained, whilst selling prices are much less. 
Carbon contents too, as a general rule, run 
considerably lower, say, from o-ro0 per cent 
upwards, although, if desired, good steel of 
20 per cent carbon can be made. The source 
of this class is red or brown hematite. 

The Bessemer process in Great Britain has 
now been almost superseded by the open hearth 
and, in view of the rapid development of elec- 
tric methods of steel melting, a corresponding 


fate would appear to threaten the crucible—at 
least so far as special alloy steels are concerned. 

It will be remembered that this last men- 
tioned process really consists of a mixing and 
melting operation; the Bessemer and open 
hearth principles, on the other hand, are 
essentially chemical in their conception and 
depend for success on the removal, by oxida- 
tion, of certain elements in the pig-irons em- 
ployed. 

In the former a large volume of air is blown 
at high pressure through a bath or molten pig- 
iron and whilst, in an acid lined vessel, the 
sulphur and phosphorus cannot be eliminated 
by these means, the oxygen so supplied unites 
with the carbon, silicon, and manganese. The 
oxides of silicon and manganese, being insoluble, 
form a slag on the surface of the metal whilst 
the carbon passes off from the bath in a gaseous 
state, almost entirely as CO. These reactions, 
being accompanied by a considerable evolution 
of heat, serve to create and maintain a bath 
temperature adequate for subsequent casting 
operations—either into ingot or steel foundry 
moulds. Hence, it will be seen that, commenc- 
ing with pig-iron practically free from sulphur 
and phosphorus, an ultimate product chemically 
similar to wrought iron can be obtained. 
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In 1856 Henry Bessemer read a paper before 
the British Association in which he said he pro- 
posed to make pure iron from pig in 20 minutes 
and in ro ton lots at a time. This created 
great amusement—no metallurgist dared have 
made such a startling proposition, but Bessemer 
was not a metallurgist, he was a solicitor. A 
similar paper given before the Institute of Civil 
Engineers in 1859 was also received with 
scepticism, which appeared well founded when 
large scale operations on the foregoing lines were 
undertaken. 

A small percentage (about 0-2) of the oxygen 
was found to remain as ferrous oxide, dissolved 
in the blown metal, causing violent boiling in 
the moulds and unsound ingots. This oxide, 
on solidification, forms an enveloping film around 
the crystals of iron and softens on reheating, 
causing the whole mass to fall to pieces. Such 
material is said to be “‘red short,’’ and is 
utterly worthless. 

The saviour of the process was R. Mushet, 
who discovered that the addition of metallic 
manganese to the blown metal would, by the 
formation of insoluble manganese oxide, carry 
off this oxygen to the slag and so yield sound 
ingots. 

This necessary manganese is added in one, 
or both, of two forms, viz., ferro-manganese 
and spiegel, of which the following are typical 
analyses— 


Fervo-manganeseé Stiegels 
Carbon 6°50 5°50 5:00 = 450 
Silicon 0-90 0-70 I‘0O. =: 1:00 
Manganese . 80:00 50:00 20:00 15:00 
Sulphur 0-02 0-02 O-0I O-01 
Phosphorus . o-18 018 0:09 =: 009 
Iron : I2:40 43:60 73:90 79:40 


All these are alloys of iron, manganese, and 
carbon, the spiegels containing a much smaller 
percentage of manganese. From these analyses 
it will readily be seen that the addition of a 
determined proportion of manganese, by careful 
selection and calculation, can also be accom- 
panied by a desired addition of carbon, so as 
to make up the bath percentages of both these 
elements to required figures. Broadly speaking, 
if a low carbon heat is desired ferro-manganese 
is used, and, since a relatively small amount 
will be needed, this can be added cold. On 
the other hand, if a rail or spring heat is to be 
worked, a considerable quantity of spiegel will 
be used and this, to avoid a chilling effect, will 
need to be charged after being melted in a 
small auxiliary cupola. 
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A plentiful use of manganese is of the utmost 
importance in the manufacture of Bessemer 
steel—a fact which was not sufficiently recog- 
nized in the early days of its history—and an 
excess of about 1-0 per cent should be left in the 
finished steel to ensure soundness and working 
qualities. 

The Bessemer principle is applied in several 
ways, all of which should be sharply differenti- 
ated. They may be. classified as follows— 

1. Acid, 2. Basic, or (a) English, (b) Swedish. 

Since, by the oxidation of the carbon, silicon, 
and manganese, the heat required ‘for the 


Section —— Blast Box 


Tuyere 


Fic. 8 


Fie. 7 


operation is developed, these elements may be 
considered as fuels, self-contained in the pig- 
iron. In this respect: carbon is the least 
important, as the products of its combustion 
escape as CO gas and burn to CO, outside the 
vessel. Manganese plays a somewhat more 
useful réle, but it is the silicon which is the great 
heat producing element. Hence, in selecting 
charges for the Bessemer process, an average 
silicon content of about 2:0 to 2°5 per cent should 
be aimed at. Above this the charge would 
work hot, and below a liability to “ coldness ”’ 
would exist. Dr. J. O. Arnold recommended a 
figure of 2:3 per cent as the best for English 
practice. Sulphur and phosphorus must obvi- 
ously be kept as low as possible. 

The pig iron, or irons, selected can be 
melted in a cupola ; transferred in ladles direct 
from the blast furnace ; or conveyed thence toa 
mixer. A mixer is essentially a large gannister 
lined vessel designed to act as a reservoir for 
the molten iron which is poured off as, and when, 
required for conversion. By these means the 
iron from several blast furnaces can be mixed 
and any irregularity in quality in the product 
of an individual furnace neutralized. A con- 
siderable saving is thus effected since remelting 
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of the pig-iron is not necessary. Obviously, if 
a cupola is worked in conjunction with the 
Bessemer plant, corrections must be made for 
melting changes in the composition of the iron. 

The Converter. The Bessemer converter, 
Figs. 7 and 8, is an iron or mild steel vessel, 
lined with rammed gannister, and is roughly 
pear shaped. Converters may be concentric or 
eccentric, according as the sides are equally 
inclined to the axis or the nose designed with 
one straight and one curved side. The latter is 
the more familar form. It is customary to con- 
sider a converter as being built up in three 
parts—the bottom section, the belly and the 
nose, all being bolted and keyed together and 
made detachable for ease of renewal and repair. 

The whole is mounted on trunnions, supported 
on pedestals, so that a semi-rotary, or rotary 
motion can be effected, either by means of a 
rack and pinion actuated by a double-acting 
hydraulic ram; or by worm and worm wheel. 
A number of fire-clay tuyeres are contained in 
the centre of the bottom section, through 
which the air is blown at a pressure of from 
20 to 25 Ib. per sq. in., dependent on the depth 
of the charge. Below the tuyeres is the blast 
box, or air chamber, which receives the air from 
the blast main by way of a pipe connection with 
one of the trunnions, which is made hollow for 
the purpose, and is directly connected with the 
blast main. 

The Blow. The “ blow ” occupies from 15 to 
25 minutes and is technically divided into three 
stages: (a) the preliminary, (b) the “ boil,” and 
(c) the finishing. All these are clearly marked 
by variations in the fume and flame issuing 
from the mouth of the converter, and an 
ability to read and interpret these variations is 
the vital qualification for the position of 
Bessemer “ blower.” 

The converter, when ready for the reception 
of the charge, is rotated to a horizontal position 
and the molten metal poured in from a ladle. 
The level of the charge must not be allowed to 
reach the tuyeres. The blast is then admitted 
and the converter turned back to the veltical, 
the pressure of the blast being sufficient to 

“prevent the metal running down into the 
tuyeres and to force the air through the charge. 
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(a) Of the three elements mentioned in this 
connection, silicon is the most readily oxidized 
and is therefore attacked first. So great is its 
affinity for oxygen that until it has been almost 
completely eliminated the oxidation of the car- 
bon cannot proceed. During the preliminary 
stage the removal of the silicon and manganese 
is almost totally effected. A dense brown 
fume, showers of sparks and a short flame first 
issue from the mouth of the converter, but, as 
the oxidation of the silicon proceeds, with conse- 
quent rise in temperature, the size and steadi- 
ness of the flame increase, and its luminosity 
becomes brilliantly white. 

(5) The violence of the reaction, the heat and 
fluidity of the bath continue to increase until, 
some five minutes after the commencement of 
the blow, the “boil” occurs. This stage is 
evinced by the ejection of molten splashes of 
slag and marks the tremendous agitation of the 
bath by the escaping CO gas consequent on 
decarburization. It is during this phase that 
the blower is able to estimate the heat of the 
charge, which is rectified by additions of steel 
scrap or ferro-silicon according as to whether it 
is adjudged too hot or too cold. 

(c) The flame gradually subsides until finally 
it “drops” altogether denoting almost com- 
plete decarburization. This is the signal for 
the cessation of blowing, and immediately it 
is observed the vessel is turned down and the 
blast shut off. Any prolongation of the blow 
would have the damaging effect of oxidizing the 
iron. The additions of manganese are then made 
by means of an overhead shoot with slip bottom, 
the contents of the converter poured into a 
waiting ladle and the ingots cast. 

Sulphur and phosphorus percentages always 
rise slightly during the blow owing to the con- 
centration of the bath, and the following tables 
show the net results: (x) being the chemical 
composition of the cupola metal, and (2) the 
blown metal before the addition of manganese— 


(x) (2) 


Combined carbon 


: - 0°50 0-04 
Graphite é ; : - $5 nil 
Silicon ; ‘ : . 2°50 0:03 
Manganese - 0°40 nil 
Sulphur . 0:05 0:06 
Phosphorus 0:05 0-06 
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POWER TRANSMISSION BY BELTING 


By W. G. DuNKLEY, B.Sc. 


LESSON IX 


WORKED EXAMPLES. 
SIMPLE RULES 


In the previous examples which have been 
given we desired to find the horse-power, given 
the pulley, speed, and size of belt, and to find 
the size of belt given, the horse-power, pulley, 
and speed. Now let us consider the following 
case— 

EXAMPLE 16. The machines in a shop are 
driven by means of a countershaft. We desire 
to drive the countershaft at 300r.p.m. from a 
60 h.p. motor which runs at goor.p.m. Deter- 
mine suitable pulleys and belt. Distance from 
motor to countershaft 12 ft. : 

Now you see we have a wider choice of 
conditions. We first notice that we have a 
speed reduction of 3 to 1. If we make our 
motor pulley roin., the countershaft pulley 
would be 30 in.; if we make the motor pulley 
15 in., the countershaft pulley would be 45 in. 
and so on. 

Now the larger the pulleys the greater the 
belt speed and, consequently, the effective 
driving load for a given horse-power is less. 
Therefore a small belt will transmit the power. 
So far as the belt is concerned, it is economical 
to provide the pulleys as large as possible. 
This condition is generally decided by the size 
of the pulley on the countershaft being limited 
to a certain maximum value, determined by the 
distances of the countershaft from the wall or 
supporting girder. If the pulleys are not sub- 
ject to such limiting conditions the belt speed 
then becomes the deciding factor. At high 
speeds the centrifugal force increases very 
rapidly, and beyond a certain speed there is 
actually a falling off in horse-power as the speed 
increases. For single belts, cemented, this 
speed is about 5,500 ft. per minute ; for laced 
single belt and double cemented belt the 
speed is about 4,800 ft. per minute, and for a 
double belt, laced, it is about 4,500 ft. per 
minute. 

Suppose we decide to use a double belt with 
a cemented joint and a belt speed of, say, about 
4,000 ft. per minute. Now let us find what our 


SOME 


pulleys will -be. 
pulley in inches. 


Let D = diameter of motor 


D 
Then Ta % 7 X 900 = 4000. 


4000 X 12 
7 X goo 


The pulley on the countershaft would then 
be 51 in. diameter. These are somewhat odd 
dimensions, and we would probably consider 16 
and 48, or 18 and 54in. Suppose we adopt 
18 and 54 in. diameter pulleys. Now applying 
our procedure— 

1. Setting down the pulleys to scale at the 
centre distance of 12 ft. we find that the angle 
of lap on the motor pulley is 160°. 


D= 


Ss ley iba 


i 
Then log. ts 0:007578 X 0-4 X 160 


ie 
33 o = ous 
H X 126,000 60 X 126,000 
ee MNES 18 X 900 
= 466 lb 
it 
73 Seve 3 
Bs ee = ees 466 
(7-3) 
==!700) 1b: 


4. Belt velocity 


18 
ee iz % 7 X 900 = 4250 ft. per min. 


Stress S due to centrifugal force 


V2 _—-4250 X 4250 
~~ 230,000 = 230,000 
= 8o lb./sq. in. 


5. We decided to use a double belt with 
cemented joint. Then allowable stress = 
300 Ib./sq. in. Allowing for centrifugal force 
we must use 300-80 = 220 lb./sq.in. Then 
% xX } xX 220 = T = 700 


_ joo x 8 


men 220) << nae ay 
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EXAMPLE 17. Suppose in the above installa- 
tion we desire to know the total pull on the 
shaft in order to determine the bending moment 
on the countershaft, due to the belt pull. 

The total pull will be approximately equal to 
T+. This is not quite correct since the two 
sides of the belt are not parallel. We must 
then find ¢. 


t= T- P.= 700 - 466 = 234 Ib. 
Belt pull on shaft = 700 + 234 = 934 lb. 


You should notice that this is about twice the 
effective driving load. 


SIMPLE RULES FOR BELT CALCULATIONS 


We have seen that in our belt calculation, the 
varying value of the angle of lap, the necessity 
of allowing for centrifugal force, and the possi- 
bility of desiring to make some change in the 
value of the coefficient of friction, make it 
desirable to investigate the problem in the 
manner shown. 

Simple rules are frequently given, however, 
and these are useful and applicable for rough 
calculation and estimates, provided the restric- 
tions underlying these rules are appreciated. 
These rules are generally applicable to an angle 
of lap of 180°, and should be used with caution 
in general cases. The following rules are given 
by Messrs. Tullis— 

“I. Every inch width of good double leather 
belting travelling at 500 ft. per min. while 
working on pulley 24 in. diameter will transmit 
I h.p., provided the arc of contact is 180°. 

2. Every inch width of good single leathér 
belting travelling at 800 ft. per min. will trans- 
mit rh.p. on pulley 24in. diameter at 180° 
arc of contact. 

The horse-power will vary proportionately 
with the speed up to speeds of 3,000 ft. per 
min. ; above this speed the allowance necessary 
for centrifugal force will reduce the horse-power. 

In the table on this page the values are given 
by the Gandy Belt Manufacturing Co. 

Effective Pull per Inch Width of Belt. It 
will be instructive to compare the effective 
pull per inch width obtained in the calculations 
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we have made. Starting from Example 10, we 
find— 

Effective pull per inch width of belt = 42:5 Ib., 
lap 175°, single belt ; 35-5 lb. lap 130°, single 
belt ; 41:5 Ib., lap 170°, single belt ; 62 Ib., lap 
170°, double belt. The results where centrifugal 
force is allowed for are not considered. 

For angle of lap 180° and yu = 0-4 the follow- 
ing values of effective driving load per inch of 
width of belt may be used— 


Single leather belt (cemented) 50 lb. 


se ry » (laced) 40 lb. 
Double _,, », (cemented) 80 lb. 
66 is » (laced) 65 lb. 


EXAMPLE 18. A machine is supplied equipped 
with a pulley 18in. diameter, 44in. wide, 


Balata Leather H.P. per inch width 
Belting Belting at too ft. per min. 
3-ply Light Single O:12 
4-ply Ordinary Single O-15 
5-ply — 0-18 
6-ply Light Double Or20), 
7-ply = 0-24 
8-ply Heavy Double 0-27 
9-ply = 0-30 
1o-ply Treble 0°33 


speed of pulley 300r.p.m. A single laced belt 
is to be used. Make a rough estimate of the 
size of motor required to drive the machine. 


18 
Belt speed = Tg * 7 X 300 = 1410 ft. per min. 


Then allowing 40 1b. per inch of width and 
assuming a belt 4 in. wide, 
40 X 4 X I4I0 


ea 33,000 


Allowing for overload, a 10 h.p. motor might 
be suitable. . 


Stupy. (a) Assume a double-laced belt in the 
above example. Ans. h.p. 10-5, motor, 15 h.p. 

(0) Find belt required to drive a machine from a 
20-h.p. motor, pulley 15in. diameter, 5in. wide, 
speed 900 r.p.m. 
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WORKS ORGANIZATION AND MANAGEMENT 


By E. W. Workman, B.Sc., A.M.I.E.E., ETc. 


LESSON IX 


THE PURCHASING 
DEPARTMENT 


Functions of the Purchasing Department. In 
many works the duties of the purchasing 
department are not organized separately, but 
are amalgamated with those of the store- 
keeping department under one “ Purchasing 
Agent and Head Store-keeper.”’ This organiza- 


» tion does not essentially alter the nature of the 


work to be done, and it will be more convenient 
to consider the work in different lessons as 
though the departments were separate. Good 
purchasing is very much more of a science than 
is usually recognized by the average individual. 
Practically anybody can merely place the order 
for goods—but “merely placing the order” 
does not constitute good purchasing. For pur- 
chasing to be really efficient, a wide knowledge 
of markets and prices is required together with 
fair technical understanding, and the possession 
of sound judgment as to relative values with 
varying conditions. If the cost of material 
forms a large proportion of the total cost—and 
it very often is 50 to 75 per cent—the effect of 
good or bad purchasing will be very apparent 
in the final price. All information necessary 
for efficient buying is systematically recorded 
to avoid waste of time and to ensure the best 
purchasing. Such records will include details 
of suppliers, complaints of material received, 
late deliveries, and tests made. Such informa- 
tion will be of great value when the question 
of repeat orders arises. 

The Head of the Department. The official in 
charge of this department is usually described 
as the purchasing agent, and the position is 
usually a very responsible one. The qualifica- 
tions are varied, as the purchasing agent must 
know the markets and the probable trend of 
them, and also the details of such matters as 
packing, freight, discounts, and insurance. In 
addition he must be able to judge of the technical 
suitability of the material he is buying. 

Qualifications. For this position, more than 
for.any other, it is necessary to select a man 
whose honesty is above all suspicion. There is 
no other position where.the honesty of the 


official may be so often tempted to underhand 
transactions for personal gain. There are 
always many suppliers who are eager to offer 
some bribe to obtain an order—and the system 
of bribery may be of such a gradual and unosten- 
tatious nature that the purchasing agent may 
commence to accept gratuities which place him 
under obligations without his realizing what is 
happening. In order to protect the official as 
much as possible, the policy and organization 
of the firm should be well defined on the following 
matters— 

1. The agent himself must be of high moral 
standing, and also capable of making firm deci- 
sions and of taking a strong stand. 

2. It should be generally understood both 
outside and inside the factory that no gratuities 
are allowed to be received by the purchasing 
agent. It is illegal for an agent to receive a 
commission or other bribe and not disclose it 
to his employer, but more than this is required, 
and the whole known policy of the firm must be 
set against bribery in any form. 

3. If proper comparative records are kept of 
the estimates of different suppliers and of all 
complaints made in regard to the quality of any 
material bought, and if the incoming material 
is inspected by a different department to that 
making the purchase, the difficulties of making 
any underhand transactions will be considerably 
increased. 

Mental Characteristics. In addition to the 
supreme qualification of honesty, a purchasing 
agent should have several mental character- 
istics well developed. He should be “ go- 
ahead,” and always on the look out for improve- 
ments, not merely contenting himself with 
always ordering material exactly as specified. 
It is he who is in touch with outside interests, 
and it is he who should often be in a position 
to draw the attention of those concerned in his 
own firm to improvements adopted or suggested 
by the suppliers with whom he is in touch. 

The extent to which his judgment is reliable 
will have a big effect in the prosperity of the 
firm. Sometimes it is advisable to lay in large 
stocks even at high prices because of the uncer- 
tainty as to the obtaining of future supplies, 
due to labour or political troubles. At other 
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times it may be safe to reduce stocks to a 
minimum and later buy at much reduced 
prices, Such decisions require wide knowledge 
and judgment as to the trend of markets and 
general conditions. 

Requisitioning. The purchasing department 
only buys goods for which it has received 
requisitions from other departments—for itself 
it requires no purchases. These requisitions 
should be on a standard form, originate in 
definite departments, and bear definite signa- 
tures authorizing the purchases. Whether the 
department issuing the requisitions should be 
the drawing office, the production department, 
or some other section will depend on the 
organization adopted for these departments. 

Standards. Purchases fall naturally into two 
classifications : (1) special purchases, and (2) 
standard purchases. The first group require 
very careful specification by a technical depart- 
ment and, wherever possible, standard articles 
should be bought instead. The advantages of 
buying standard articles rather than special 
ones are as follows— 

1. The number of articles used in the factory 
is reduced. 

2. The reduction of quantity and variety 
means simplitied store-keeping. 

3. The possibility of ordering larger quanti- 
ties (often at a cheaper rate), because the 
smaller variety means a larger consumption of 
each kind. 

Without careful watching, the variety of 
articles carried in stock is sure to get unneces- 
sarily large and correspondingly expensive. 

Quantity Ordered. The quantity to be 
ordered at a time forms an important question. 
Each requisition should not be dealt with 
separately, but should be treated in conjunc- 
tion with the demands shown on other requisi- 
tions, and also with probable future require- 
ments. To be able to order in large quantities 
gives a number of clear advantages, such as 
. Possibility of obtaining lower prices for 
large orders. 

. 


I 
2. Lower percentage of carriage charges. 

3. Lessened probability of running out of 
stock. 

4. Probability of more regular deliveries and 
generally better attention. 

The most economical course will often be to 
place a large order for the regular delivery of 
small quantities. By this means all the above 
advantages are obtained and, at the same time, 
the outlay of capital is reduced. 
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Delivery Dates. If only it could be depended 
on, the best time for the delivery of goods would 
be just as they were required for manufacturing 
or assembly purposes. But the risk of delay 
and breakdowns is too great to make this date 
the one usually asked for. At the same time, 
it must be recognized that to buy goods too 
long in advance may be expensive. The main 
items of extra expense involved in early pur- 
chasing are as follows— 

I. Occupation of storage room, and the 
possible consequent necessity of increasing the 
storage accommodation. 

2. Extra insurance premiums required to 
cover the risk of loss of the increased value of 
stores. 

3. Greater loss in depreciation through extra 
handling, the effects of time and _ possibly 
obsolescence. 

4. The expenses of having a larger outlay of 
capital. 

5. The increased clerical and handling expenses 
involved by the carrying of a larger stock. 

These extra expenses may, however, be much 
more than counterbalanced by the saving 
effected in buying early when prices are rising. 
Apart from any such special conditions the 
required dates of delivery can be best deter- 
mined from the records of the production 
department, whose special function is to plan 
the dates when parts should be manufactured 
or bought. If there is any doubt on the sub- 
ject, it will always be better to be on the safe 
side and arrange for deliveries to be too early 
rather than too late, as very heavy expenses 
are likely to be incurred if some important 
part is not to hand when required. For a 
firm to build up a reputation for keeping their 
promises of delivery of their finished products, 
they must ensure that their suppliers of raw 
material similarly keep their promised delivery 
dates, and “too early” is better than “too 
late.” 

Order Forms. It is of great advantage to 
have a recognized order form, and for it to be 
understood that no orders will be recognized as 
official unless they are given on the authorized 
order form. Besides eliminating unofficial order- 
ing, the proper drawing up of such a form will 
ensure that mistakes and delays do not occur 
through lack of sufficient particulars. In 
particular, provision should be made for stating 
the delivery date required, the place of delivery, 
the price, the method of payment, and the 
detailed specification, 
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18. OPERATION OF SLEEVE-VALVE MACHINE 
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17. OPERATION OF SLEEVE-VALVE 


ON TWo-PRESSURE SYSTEM 
AMMONIA COMPRESSORS WITH SLEEVE VALVES 


- MACHINE 


(See Article on ‘“‘ Refrigerating Machinery,” page 1128) 
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MATHEMATICS FOR ENGINEERS 


By W. G. BickLey, M.Sc, 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXIII 
DIFFERENTIATION— (conid.) 


Graphical Aspect of Differentiation. In the last 
lesson we found the rule for differentiating any 
expression which is composed of powers. We 
already know the value of graphs, enabling us, 
as they do, to see things at a glance, and it will 


be of service in getting a clearer idea of the 
meaning of the algebra used in the last lesson, 
as well as leading to some of the important 
applications, to follow out the process of 
differentiation on a graph. 

As a first instance we will use the formula s 
= 16#?, the graph of which is drawn in Fig. or, 
and a sketch for demonstration purposes is 
drawn in Fig. 92. If we take two points, P 
and Q, on the graph (Fig. 92), and draw the 
ordinates PM and QN, then these ordinates 
represent the distances travelled in times 
represented by OM and ON respectively. 
Thus, the segment MN represents the interval 
of time, df, and the distance travelled in the 
interval, ds, is represented by the difference 
between QN and PM, i.e. by QR in the 
figure. Thus, the average velocity from M to 
N is 


since PR= MN. Now, in dealing with the 
graphs of straight lines, we called such quantities 
71—(5462) 


as PR (ot =o the gradient of the straight 
line PQ. In this case PQ is a chord of the 
curve, so we have the important fact that the 
average rate of change of a quantity is repre- 
sented by the gradient of the chord joining the 
corresponding points on the graph. That is 
true always, and if we use y and x to denote 


the quantities plotted vertically and horizon- 
tally, we have 


6 
= = gradient of chord. 


We can now follow out, on the graph, the 
limiting process, imagining d¢ to become smaller 
and smaller, which means M approaching JN, 
and consequently Q approaching P. Now as 
two points on a curve approach more and more 
closely, the line joining them ultimately becomes 
a tangent, and so we are led to the more impor- 
tant fact that the instantaneous rate of change 
of a quantity is given by the gradient of the 
tangent at the corresponding point of the graph. 


ds 
Thus, the value of Rat P in Fig. 92 is given by 
the gradient of the tangent PT, and, in general 
d 
= = gradient of tangent. 


In Fig. 91, we have drawn the tangent to the 
curve at the point where ¢ = 2, and taking the 
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points A and B on it, it will be seen that the 
rise BC is just over 250 while the base AC is 


250 
4. The gradient is, therefore, just over ee 


agreeing very well with the result obtained in 
preceding lessons, 64. 

Of course, it must be admitted that drawing 
a curve and then drawing a tangent to it is not 
a process that can be carried out with any very 
great accuracy, so that if accuracy is required, 
we use the formula—if we have one. With 
numbers derived from experiment, however, 
when we have no formula, and in similar cases, 
we have no other means of obtaining rates of 
change conveniently and quickly, and must 
perforce make the best we can of the graphical 


Fig. 93 


method. The value of this graphical treatment 
is that it enables us to visualize the process of 
differentiation, and also to discover some applica- 
tions. Indeed, we have one application here. 
While drawing tangents is not an accurate 
method for finding rates of change, if we can 
find the rate of change, and thus the gradient 
of the tangent, we can then draw the tangent 
accurately, or find its equation. Thus, if we 
want the tangent to the curve y = x2 + x +1 
at the point where « =1 (and consequently 
¥y = 3) we first find the gradient, which is the 


d 

““m”’ of the line, as the value of - when x = I. 
Nowif y= Rt egeyr 

as h 

ie oe when * = I. 
Thus the equation of the tangent (y = mx + c) 
must be y= 3x+. 
But we know that the tangent must pass 
through the point (1, 3) so that, putting in these 
values, 

3=3X1+c givingc=o. 

Thus the tangent is y = 3x. Curve and tangent 
are drawn in Fig. 93. 
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Maxima and Minima. There are many 
instances in engineering (and elsewhere) where 
we seek the greatest or least value of some 
quantity we are interested in. If we draw a 
graph of the quantity in question, we can easily 
pick out the maximum or minimum values, as 
at A and B in Fig. 94. It will be seen that 
both at A and B the tangent to the curve is 
horizontal, or, in other words, its gradient is 
zero. This means that at A and B 2 is zero. 


We thus see that calculus will enable us to 
discover these maximum and minimum values, 


d 
by solving the equation It will be 


oa 
dees Fe 


noticed, however, that we have the same 


FIG. 94 


condition for a maximum as for a minimum, so 
we need some means of distinguishing between 
them. In a practical example, common sense 
is usually enough ; we shall know whether we 
are seeking a maximum or a minimum. There 
is also a possibility of the curve behaving as 
at C, which, though neither a maximum nor 
a minimum, has a horizontal tangent. On the 


d d 
left of A, vei is positive, at A, se is zero, while 

dx dx 

; dy . : 
on the right of A, q, 18 negative. Thus, in 
the neighbourhood of .4, aie decreasing. 


a 
This means that the rate of change of > is 


d a? 
But the rate of change of 2 z 


negative. ig is an 


a 
so that at a maximum, we must have Pa nega- 
tive. In the same way it will be seen that in 


d 
the neighbourhood of B, pa is positive. At C, 


MATHEMATICS. FOR ENGINEERS 


d2 
on the other hand, a is zero. Summing up 


dy 


When y is a maximum or a minimum, aes 


Fr 
At a maximum ae is positive. 


2 


ae d’y . é 
At a minimum 7 is negative. 


We proceed to give some examples of the 
use of differentiation in finding maxima and 


A 
f 


x 


: c 
B<_.29-2y-> 
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minima, to illustrate the application of ‘these 
rules. 

EXAMPLE 1. A strip of metal, 20 in. wide, 
is to be bent to form the bottom and sides of a 
rectangular channel. Find the dimensions of 
the channel if its cross-sectional area is to be 
the greatest possible. : 

ABCD, in Fig. 95, represents the channel 
section. It will be evident that a wide channel 
will not be very deep and will have only a small 
sectional area, while a deep, and consequently 
narrow, channel will again only have a small 
sectional area. It is then a maximum we seek 
in this case. Let « denote the depth of the 
channel, and then we shall have 20-2 left 
for the bottom; the area of the section will 
then be given by x(20—2%) = 20x — 2x? sq. in. 
Thus, A = 20% — 2x? is to be maximum. 
Therefore, = = 20—4% = 0 (by the rule) 


so At 20,000 % == '5. 

That is, the depth must be 5 in. and so the 
breadth will be 10 in. To test that it zs a 
"maximum, we differentiate again, and find 

aA ce, im 

aa A which is negative 


so that A is a maximum. 

EXAMPLE 2. A tank on a square base, open 
at the top, is to contain 60 cub. ft. Find the 
dimensions so that the least area of sheet metal 
may be used in its construction. 
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Here it is evident that a shallow tank, or a 
very deep, narrow one, will use more material 
than is used by one of more even dimensions— 
that we can get a minimum value for the area 
of metal in the base and sides. Calling the side 
of the base x, and the depth h, we have from 
the volume condition, 


Volume== x*h = Go: . : : ae) 
also area = bottom + four sides 
A=x+ 4h . : : a) 


We cannot differentiate this formula for A as 
it stands, however, for it contains two quanti- 
ties which vary, x and h. We can use (x) to 
express either in terms of the other, and it is 
simpler to express in terms of x. We have 


60 : ee 
— 32 and using this in (2) 


60 
A = 47 4x3 = x? + 240x4 


upon cancelling and expressing the fraction by 
a negative index, so as to be able to use our 
differentiation rule. Differentiating, we get 


dA 


- 240 
dg = 2% — 240K = 2% - 


x 


which is to be zero if A is a minimum. Solving 
this, we have 


a8 = 120, So x = 3/120 = 4-933 ft. 


6 6 
For the depth, 4 = ae wane = 2-AGY ips 


aA 
To test that we have a minimum, find ax It 
is 2 + 480x-* which is evidently positive for 
the value of « we have found. 
EXAMPLE 3. The loss of head in a pipe is 
proportional to the square of the speed of flow. 


<--- 2-> 


Show that the issuing water has greatest energy 
when this loss is one-third of the available head. 

Here, if # denotes the actual head, the loss at 
a speed v will be represented by kv?, where k 
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is some constant. The net head is thus (1 — 
kv?), The quantity of water issuing is propor- 
tional to the speed, v, so that the energy of the 
jet, which is the same as the net work done, 
will be proportional to the speed times the net 
head, i.e. to v(h — kv?), or hu—kv®. Calling this 


E, E will be a maximum when ae Oe 


dE 
Now => =W— 3k 


Li 

This is zero when h = 3kv?, or kv? = 3h. But 
kv? is the lost head, which is thus seen to be one- 
third of the available head h, for maximum 
energy. (It is maximum, for we must have 
small speed, small energy, and great speed, 
great loss.) 

‘It will be clear that in (x) and (2), having 
found the dimensions, we can calculate the 
areas, while in (3), if we know the values of h 
and k, we can calculate v, and then, knowing 
also the cross-section of the pipe, we can calcu- 
late the energy of the jet. 


EXERCISE No. 36 


1. The speed of a piston at various angles of the 
crank is given by— 

Go) 30; 60° go° 1207 |) t5Oce ero Os 

v oO 6°44 10'T 10 7°22 3°50 fo) 

If v is in ft./sec., and the speed is 120 r.p.m., find by 
drawing tangents to the graph, the accelerations at 
these instants. 

2. Find the equation to the tangent to the curve 
y = 4%—403 when ¥ = 2. If the scales are equal, 
what angle does this tangent make with the + axis ? 

3. The mean effective pressure of an engine falls 
off at high speeds according to the law p = 100- 


— Ib./sq. in, at a speed of v ft. per minute. Find the 


speed at which the rate of working is a maximum, and 
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if the piston area is 15 sq. in., find the maximum horse- 
power. 

4. A cylindrical can, without a top, is to hold 
35 cub.in. Find the dimensions if the least area of 
sheet metal is used in its construction. 

5. A rectangular channel is to have an area of 
120 sq. ft., in section. Find its dimensions if the 
wetted perimeter is to be a minimum. 

6. The bending moment M, at a point # ft. from 
the end of a beam, is given by M = 2007¥- 2%, Find 
the position and amount of the maximum bending 
moment, 

7. In dealing with the flow of a gas (or steam) 
through a nozzle, we need the values of vy that make 

2 n+tI1 


y™ —y ™ a maximum. Find them when n = 1°4 


and when »=1°3. Also show that the general 


n 
a Bee. 
f. 1 j n—T 
ormula is & + ) 


8. The air resistance to an aeroplane is given by 


f= —200) (i + mi) lb., i being the ‘‘ angle of attack”’ 


in radians. Find the value of 7 for minimum resist- 
ance, and the resistance at that angle. 

g. A strip 39 in. wide is to be bent to form a trape- 
zoidal channel, the sides sloping at 60° to the horizontal. 
Find the dimensions for the maximum sectional area 
of the channel. 


ANSWERS TO EXERCISE No. 35 
I. (a) 30%5—977 + 2. 
6 Of 
() -34+5- 


Pe am 


ee Ry 
(vs Va- 
(a) 7+2%%2 — 1e247%8 — ray Ved, 


4. 7°824. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mrcu.F. 


LESSON XXII 


Estimating Weights. Proceeding with the 
estimate commenced in the last lesson, we have 
to supplement the tender drawing with a weight 
of the propeller. The foundation of the price- 
fixing in an estimate of a machine part is, of 
course, a rough outline drawing of the part, as 


given in Fig. 5 of the last lesson, together with 
a finished weight of the part. The term 
finished weight means the weight of the part 
finished machined, as distinct from the term 
rough weight, which refers to the weight of the 
part before machining. 

Method of Dissection. Machine details, 
although often of irregular form, generally 
lend themselves to the process of an imaginary 
dissection into a number of solids of more 
regular outline. In many cases the part is so 
obviously built of a number of prisms that the 
splitting up for purposes of weight calculating 


is self-evident. In the example under review 
_ the form is less simple and demands special 
treatment. 

We may commence our imaginary process of 
dissection by separating the boss from the blades 
and proceed to find the volume of this part of 


the propeller. We now have (Fig. 1) a hollow 
cylinder of varying internal and external 
diameters, and a final cutting-up of this part 
of the solid may be made at the planes aa and 
6b. The three hollow cylinders A, B, and C, 
thus produced, are not sufficiently simple for a 
direct arithmetical treatment, and to facilitate 


as, 
“DIA 
aA 
= 
\ 
1 
1 
1 


7 
22 
I>) 
Foal 
= 


righ 
--J-+-+ 


the calculation we may substitute three cylinders 
A,, B,, and C,, of approximately similar 
volume to’ the cylinders A, B, and C, as in 
Pig. 2. 

Taking the cylinder A,, the volume will be 
equal to the cross-sectional area of the cylinder 
multiplied by the length, i.e. 


Tr. SO meTLae 
4 “i 
Use of Table of Areas. The greater part of 

the above calculation may be dispensed with if 

a table of areas is used when we may write— 

Volume of cylinder A, 


Volume = ( ) TE cub. im: 


= (706°86—113'1) X II 

= 593:70 & Dh ==) 6.53 nIcub: an. 
Volume of cylinder B, 

= (779°31 — 389°13) X 10 
= Bee xX 10 = 3,992 


Volume of cylinder C 
= (804:25 — 153.94) x TD 


650°31 XK Iles= 75153) ay 

Volume of part D, 
= 19K KETO, 400) 45; 
Volume of boss without keyway = 18,076 ,, 
» oo keyway = 4X it XK 32 25s 
nv , propeller boss = 17,948 ,, 


Alternative Method. As an alternative to 
the above dissection we may first find the volume 
of a solid boss, and afterwards deduct the volume 
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of three cylinders forming the hollow part of 
the detail. Fig. 3 shows the solid cylinder, of 
equivalent volume, drawn full, and the three 


Fic. 4A 


cylinders representing the hollow portion shown 
dotted. 
Proceeding, we have— 

Volume of cylinder E 

= 954°77 X 32. = 
Volume of cylinder F 

= Li31 4% if 7 
Volume of cylinder G 

= 380-13 X 10 X #8 


Taq , 


3:227 » 
Volume of cylinder H 
= 1539 X II = 1,693 , 
», keyway 
= tet ee co 0 Ae 
, holiow portion of boss = 6,292 ,, 
», propeller boss Sd 7 SOOm as 


The difference in the above volumes is not 
surprising when we consider the approximate 
nature of the calculations, and the methods 
being equally accurate our choice of method 
should be given to the latter which proved the 
speedier. 

We now have to find the volume of the 
propeller blades and, each having’ the same 
dimensions, it will be sufficient to find the 
volume of one blade. 

The first method which may occur to the 
estimator is to straighten out the blade and, 
assuming rectangular sections of equal area to 
the actual section at the boss and blade tip, 
thus produce an imaginary solid, as shown in 
Fig. 44. Next, splitting the blade into three 
parts as shown in Fig. 4B, we may proceed to 
calculate the corresponding weights. 

Volume of each section = mean thickness x 
width x length. 
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Volumeof By = 3:125' X 34° 22 = 27337 cubs 
55 ok =~ Ba = 2-062) x 38 X22 — T7247 
” a” 3 = I X 25 X 22 = 590 aia 
os 3, one blade Sees 5. 


Alternative Method. An equally quick and 
more accurate method of finding the volume of 
a detail having such variable form as a pro- 
peller blade may be used with the aid of a 
planimeter. The planimeter, a common design, 
is shown in Fig. 5, is an instrument for recording 
the areas of surfaces. When using the instru- 
ment the needle £ is fixed in a convenient 
position to allow the pointer to traverse the 
perimeter of the figure. Marking a starting- 
point F on the perimeter and placing the 
pointer on same, set the indicating dials D 
at zero. Next, move the pointer over the 
perimeter in a clockwise direction, stopping at 
the point F, and read the dials D, which will 
record the area of figure in square inches. If 
the figure is drawn to a scale other than unity 
the true area of the figure will be equal to the 
area recorded divided by the square of the scale. 

Applying the above method to the blade in 
question, we first find the area of the blade 
sections shown in Fig. 5 of the previous lesson 


by means of a planimeter. Tabulating the 
results we have— = 


Distance of section 
from shaft centre 
= 


16 in. 34 in. | 521in.| 7oin. 


Area of drawing 
outline of section 
in sq. in. = A 


Actual area of sec- 
tion in sq.in. = 
644 = Y 


122-88 | 101-76 | 74:24 | 28-8 
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In finding the actual areas Y above, it will be 
observed that we have divided the drawing 
areas A by the square of the scale to which 
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Where, as in Fig. 6, different scales are used 
for ordinate and abscissae, the actual area is 
obtained by dividing the drawing area (as 


Ee» 


te 


Fic. 5. A PLANIMETER 


the sections are drawn, i.e. 14in. = 1ft. Thus, 
A 

Vo — O41, 
ae 


Proceeding, draw two lines OX, OY, at right 
angles,.as in Fig. 6, adding lines parallel to 
OY at a distance from O equal to the distance 
of each blade section from the shaft centre. 
Choosing a suitable scale we may represent the 
area of each section, as an ordinate on the axis 


S< 


Area of BLADE SECTION IN SQ INS 


4) 
Distance of BLADE SECTION FROM Axis OF ROTATION. 


DISTANCE OF DLADE DECTION FROM Als 
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OX, at the corresponding distance X from 0, 
The resulting curve Y,, X, produces a figure 
X,, Y;, X, the area of which will represent the 
volume of the blade. Finding the area of the 
resultant figure by means of a planimeter we 
can correct for scale and so arrive at a value 
for the volume of each blade. 


recorded by the planimeter) by the product of 
the two scales. 

The area of the figure X,, Y,, X, is found to 
be 24-6 sq.in., from which value we find the 
actual area to be equal to 


= 24°6 X 24 X 8 = 4,742 Sq. In. 
8 


The ordinates forming the above figure were 
the values A representing the areas of blade 
section and, consequently, each square inch of 
the figure represents a volume of I cub. in. 

The volume of blade, as obtained by the 
alternative method, is equal to 4,742 cub. in. 

Where a planimeter is available the alterna- 
tive method is to be preferred and, in making 
a total of the volumes obtained, we may assume 
the alternative method has been followed for 
both the boss and blades. 


We have 


Volume of boss 
four blades 


17,860 cub. in. 
18,968 __,, 


propeller = 36,828 


” ” 


In the above calculations we have neglected 
fillets, and assumed that the casting will com- 
ply with the drawing dimensions. To allow 
for the above omission and assumption it is 
advisable to increase the net calculated weight 
by about 5 per cent. 

Taking the weight of manganese bronze to 
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be -32 lb. per cub. in., we have the finished 
weight of the propeller 


= 36,828 X 1-05 X 32 == 12/370 Ib: 
= 5°525 ton. 


Rough Checking. It is advisable, where 
possible, to check the calculation for weight on 
a comparative basis. This may be quickly done 
if weights of larger and smaller machine details 
of a similar form to the detail under estimate 
are available. 

If such actual or calculated weights are 
available for propellers we may find the follow- 


ing relationship between the weight and 
diameter of ships’ propellers. 
Ds 
(herin 


where 


D = diameter of propeller in feet. 
W = weight (finished machined) of propeller 
in tons. 
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kK = constant which for manganese bronze 
propellers having four blades is usually 


about 450. 
Then for the above propeller, 
13'5° 
W= 450 = 5°47 tons. 


The calculated weight is sufficiently near to 
the weight obtained by the above rough check 
to eliminate the possibility of a large error, such 
as might result from the misplacement of a 
decimal point. 

We may now, with some confidence, submit 
the following estimated weight of the propeller 
to those responsible for fixing the estimated 
cost and, in turn, the quotation price. 

tons cwt. qr. Ib. 
Finished weight of propeller = 5 Io 2 0. 


EXERCISE 


Proceed with the exercise suggested in the last 
lesson, and estimate the finished machined weight of 
the propeller. 
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LESSON X 


MECHANICAL DETAILS OF 
SOLID INJECTION GEAR 


THE principal special parts for solid injection 
are the fuel pump, the injection valve and the 
fuel piping connecting them. 

There are two main systems of solid injection 
in common use, which have already been 
referred to as ‘‘ continuous pressure injection ” 
and “pump injection” respectively. In the 
former there is a fuel pump, fixed on and driven 
by the engine, or independently driven, which 
delivers oil into, and maintains a steady pressure 
in, a distribution pipe system from which a 
separate pipe leads to each fuel injection valve 
on the engine. The pump delivers a constant 
quantity much in excess of requirements, the 


surplus being let off by means of a bypass relief 
valve set to lift at a predetermined pressure. 
The injection valve is mechanically lifted, 
usually by means of a cam and lever, exactly 
as in a standard air injection arrangement, and 
the quantity that is admitted to the cylinder is 
regulated for the varying loads by varying the 
lift and length of the opening period of the valve. 
The time of opening of the valve is, therefore, a 
purely mechanical matter, and is unaffected by 
variations of pressure in the oil system. The 
injection valve itself is held on its seat by a 
strong spring so designed as to close the valve 
against the working pressure of the fuel oil when 
the lever disengages. 

Such a system is illustrated diagrammatically 
in Fig. 38, which requires no detailed explana- 
tion, In the arrangement here illustrated the 


— 
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control of the quantity of fuel entering the 
cylinder is by means of a governor-operated 
wedge, which, by being moved in or out between 
the adjoining ends of the push rod, varies the 
lift of the valve. As an alternative to this 
arrangement the fulcrum A of the lever 
engaging with the valve spindle can be mounted 
on an eccentric shaft which is turned through 
a small angle by the governor, thus again vary- 
ing the height of the lever and consequently the 


[Pipe to fuel valve 


Overflow pipe 
EP Ss 


BR volve noz3/e 


fl BZ: 
PISTON, AND 
CYLINDER 


Fuel pump with 
Three plungers, a// 
delivering into the 
ostributor pipe 


SUCTION VALVE 


Overflow 
Valve 
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at high loads (with larger lift of valve) or too 
late at low load (with lower lift of valve). 
The scroll cam system, however, is better suited 
to hand control as required on a marine pro- 
pulsion engine than for governor control as on 
a land engine. A simple form of injection 
valve for the above continuous pressure system 
is shown in Fig. 39. 

In the second system, which is shown by the 
diagrammatic sketch, Fig. 40, the pump is 


/njection 
valve Spring 


Injection 


Pressure | 


Distributor pipe or rail 
Gauge / 


supplying all cylinders 


Fic. 38. DIAGRAMMATIC ARRANGEMENT OF CONTINUOUS PRESSURE 
Sotip INJECTION SYSTEM 


lift of the valve. 
wedge is used. 

In yet another arrangement the cam is made 
of a different shape at different axial positions 
(being sometimes described as a “‘ scroll cam’), 
so that if it is moved axially the lift of the cam 
and the period of opening is varied. This 
design gives ideal control since the time of the 
beginning of injection can be maintained con- 
stant, while the cut-off at the end of injection 
is varied. In the previously mentioned systems, 
constant timing at the beginning is not obtained, 
and the injection tends to be either too early 


In this case, of course, no 


operated by a cam so timed with the crankshaft 
that the pump delivers oil through the injection 
valve at the right moment, just before top centre 
of the piston stroke, and so shaped as to give 
the correct rate of injection into the cylinder. 
The injection valve is of the automatic type, 
controlled by a spring so designed as to permit 
the valve to lift as soon as a predetermined 
pressure in the valve casing has been reached, 
and to close the valve promptly as soon as the 
fuel supply ceases. Control of fuel quantity is 
by the sudden opening of a small valve in the 
pump chamber, sometimes called the “ spill ”’ 
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or “ by-pass” valve, the time of opening being 
varied by the governor according to the load. 
The diagram shows a lever, one end of which is 
fulcrumed on an eccentric shaft controlled by 
the governor, and the other end is moved up 
and down by the plunger guide. As the guide 
moves upwards on the delivery stroke the tappet 
on the lever makes contact with the end of the 
“spill” or pressure breakdown-valve, lifting it 
off its seat, and thus suddenly letting down the 
pressure in the pump and the delivery pipe to 
zero, and causing the injection valve to shut. 
The action of the governor is to raise or lower 
the fulcrum end of the lever, and thus to make 
the time of the spill action earlier or later in 
the delivery stroke, according as the load on the 
engine is smaller or greater. This pump system 
gives a constant timing of the beginning of 
injection and a variable cut-off, which is the 
ideal form of fuel control for a Diesel engine. 

In both these systems the efficiency of the 
pulverization and distribution of the fuel is 
chiefly dependent on the pressure of the oil and 
the size, number, and disposition of the very 


PENN 
. 
D 
= 
f 


\ 4 
SSO 


a a 4% fine holes in the injection valve nozzle. The 
22 < holes vary according to the design and size of 


the engine, from as little as -o08 in. to about 
020 in. diameter, while pressures from 4,000 to 
10,000 Ib. per sq. in. are in use. The sharpness 
and clearness of the cut-off is also a vital factor, 
particularly affecting the clearness or otherwise 
of the exhaust. 

The two diagrams given refer to no particu- 
lar design, and are meant to illustrate the main 
principles employed. There are, of course, very 
many elaborations and variations in details into 
which it is impossible to enter here. Develop- 
ments and new designs are constantly appearing, 
CYLINDER and it is yet a very open question whether, on 

cover the whole, the solid injection system will in 
practice show the qualities of continuous 
efficiency over long periods of service that has 
come to be expected, and is regularly obtained, 
with the air injection system. Probably each 
system will continue to find favour in special 
types of engines where its adoption appears 
more favourable, either for reasons of economy 
in first cost or greater reliability and efficiency in 
service. 


V7 LUBRICATION AND COOLING 
Zi We have now dealt very briefly indeed with 


LL 
NOZZLE the mechanical parts which may be looked upon 
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FOR CONTINUOUS PRESSURE SYSTEM engines. We have not referred in detail to 
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methods of lubrication or cooling, both matters 
of extreme importance, because these methods 
are not in any way different from those employed 
in other internal combustion engines of similar 
size and similar general mechanical construction. 
In regard to both these matters, the position 
is that the usual methods have been elaborated 
or improved in detail as the sizes and powers of 
Diesel engines were increased, and it might here 
be mentioned that for large powers, such as 
500 b.h.p. and upwards, no other type of oil 
engine comes seriously into account. 

As regards lubrication we shall merely state 
that, apart from the main cylinder and com- 
pressor pistons, forced lubrication is adopted 
for the main working parts in all engines, except 
a few of the open type where gravity or ring 
lubrication may be employed. The piston 
requires special treatment, and almost invari- 
ably an independent system of mechanically 
operated sight-feed lubrication is adopted, 
which enables very exact regulation and control 
to be attained, and positively indicates whether 
each and every point of application is receiving 
its due and necessary supply of oil. This 
sight-feed system has come to be regarded as 
essential for the proper working of all engines, 
except perhaps those of very small size, and is 
also applied to the compressor cylinders: where 
exact and controlled supply is, if anything, even 
more essential than in the case of the main 
combustion cylinders. 

Similarly, the water cooling of Diesel engine 
cylinders, pistons, and other working parts subject 
to the heat of combustion follows conventional 
lines, except that, as the size of the engine 
increases, more elaborate and refined methods 
have to be employed. For small engines the 
common thermo-syphon system as used for 
_ small gas and oil engines is quite satisfactory, 
while for medium sized engines a pump or 
other positive means of water circulation is 
preferred and, for large engines, is essential. 
Elaborations of the internal arrangements are 
made in large engines to ensure rapid and intense 
circulation at local points exposed to the full 
heat of the combustion gases, such as the upper 
end of the cylinder liner and the bottom surface 
of the cylinder cover. In large engines a direct 
water or oil circulation system becomes necessary 
for cooling the piston, and various satisfactory 
arrangements have been developed by the 
different makers, the cooling fluid being carried 
into and away from the moving piston, either 


1123 


by means of swinging links attached to the 
piston or crosshead, or by vertical trombone 
pipes reciprocating with the piston and passing 
through packings into supply and discharge 
chambers respectively, situated conveniently 
below in the crank chamber. Where oil is used 
as the cooling medium this is sometimes taken 
from the main lubricating system but, generally 


ms /njection 
valve n033/e 


PISTON AND 
CYLINDER 


Eccentric ©. 
shaft operated GEN 
by Governor D) 


Fire. 40. DIAGRAMMATIC ARRANGEMENT OF 
Pump INJECTION SYSTEM 
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speaking, the supply of oil is independent. Oil 
has the disadvantage that it involves more or 
less elaborate apparatus for cooling it after it 
has passed through the pistons, whereas with 
water cooling the hot water passes away with 
that from the cylinder jackets and is either 
run to waste or cooled along with it. Asa 
heat conductor oil is also very inferior to 
water. 

A good idea of the design of the pistons for 
internal cooling and the mechanical arrange- 
ments for introducing the water can be obtained 
from the sectional views in Figs. 33, 34, and 35. 
In Fig. 34 the trombone pipe system is shown, 
whilst in Fig. 35 the water passes through 
swinging links into the crosshead, and then up 
the centre of the piston-rod to the hollow piston, 
returning by the reverse path and out through 
another set of swinging links. 
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By ARNOLD Rimmer, B.ENG. 


LESSON X 
PIPING AND CONNECTIONS 


Gas and Air Supply. Since the relative propor- 
tions of gas and air depend on the general 
quality of the former, the size and type of the 
gas regulating valve supplied with an engine 
will be fixed accordingly by the makers. As 
stated previously, this valve is generally in the 
form of a conical plug, but on large producer 
gas engines, Messrs. Crossley, Bros., Ltd., fit 
a screw-down valve (of mushroom type), the 


Fic. 59. Gas VALVE AND AIR REGULATOR 
(CROSSLEY) 


arrangement of which, together with the air 
regulator, is shown in Fig. 59. 

If an engine is required to run either on town’s 
gas or producer gas, two separate valves and 
lines of piping should be fitted, in order that the 


mixture may be always proportioned to suit the 
compression pressure. 

All connecting pipes should be of adequate 
proportions and, in the case of producer gas, 


Fic. 60. ANTI-FLUCTUATOR OR Gas Bac 
(CROSSLEY) 


allowance should be made for the deposit of 
tar, etc., which gradually forms on the inside, 
particularly at bends, etc. The size of these 
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ANTI-FLUCTUATOR OR GAS BAG 
(CROSSLEY) 
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gas and air pipes may be based on an average 
velocity in the same of 80f.p.s., and a mean 
piston speed of 600 f-p.m. An approximate rule 
for the pipe connected to the engine is 

Bore (inches) = 0-03 x b.h. p. + 0°75, 
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To prevent, as far as possible, variations in 
the mixture on successive induction strokes, 
there should be a suitable reserve of gas near 


To Atmosphere 
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to the engine. In the case of engines running 
on town’s gas this is usually provided by an 
“ anti-fluctuator,” or “ gas bag,’’ as illustrated 
in Fig. 60, a section of the same being shown in 
Fig. 61. 

It consists of a metal casing fitted on one side 
with a rubber diaphragm. To the centre of the 
latter is connected a spindle carrying a valve at 
one end. So long as the supply exceeds the 
demand this valve tends to close, but the gas 
already in the bag is available for sudden 
demands, and the consequent depression of the 
diaphragm causes the valve to open and. the 
supply is replenished. These gas bags are 
usually erected with the rubber diaphragm next 
to the wall, but sufficient space should be left 
for the insertion of the hand between the two 
in order to test the working and, if necessary, 
get rid of an accumulation of poor gas before 
starting. 

The size of meter for town’s gas engines may 
be determined from the following rule— 

Size of meter (in “lights ’”’) = 3:0 * b.h. p. 

The pipe between the meter and gas bag is 
generally made slightly larger than that leading 
from the gas bag to the engine. 

Exhaust Connections. The exhaust from the 
engine should be as “‘ free ’’ as possible, and the 
size of the pipe is mainly decided by experience, 
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An approximate rule is 
Bore in inches = (0°06 xX b.h.p.) for large 
engines. 
55 7 0:06 X (b.b.p, 4+ 1) for smaller 
engines. 


All unnecessary turns and bends should be 
avoided, and those that are essential should be 
of large radius. Consideration must also be 
given to the expansion of the exhaust pipes 
when the engine is running, and suitable pro- 
vision made for the same, 

Reference has already been made to the 
necessity of fitting some form of “ silencer,” 
The latter usually consists of one or more cast= 
iron boxes with suitable inlet and outlet con- 
nections, and having a volume four or five times 
that of the cylinder. The consequent expansion 
of the exhaust gases reduces their velocity, and 
in addition, the flow may be broken up by 
baffles, gravel, ete., contained in the silencer. 
The latter should not be placed too close to the 
engine as this will increase the back pressure, 
preventing the free discharge of the gases from 
the cylinder and lessening the consequent 
scavenging effect. The best position is at the 
far end of the engine exhaust pipe, preferably 
outside the engine room, with a slightly larger 
outlet pipe discharging into the atmosphere at 
roof level. On larger engines, or where extra 
silencing is required, a brickwork pit may be 


Water Outlet Pipe 
“ from Engine 


EL { Distributing 
ee) Trough 


CELE 


ANS oe! 


(pj rato 
Cinculse ing Pump 


ia, 63, Warrr CooLring Towner 


used, as shown in Fig. 62, which is a method 
suggested by Messrs. Crossley Bros., Ltd. 
Other makers favour the scheme of partly 
filling the pit with small stones. 
Another point which must be borne in mind 
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when planning exhaust connections, is the 
necessity of providing proper drainage facilities. 
The moisture present in the exhaust gases 
normally passes away as vapour, but when the 
engine is stopped this moisture condenses to 
a liquid which is acid in character, and is liable 
to corrode the metal of the pipes if allowed to 
remain in contact with the same. 
Water-cooling System. As previously stated, 
it is necessary to have a water jacket on all gas 
engine cylinders (and in certain cases some of the 


moving parts have to be cooled by the same . 
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agency), and in general anything from 30-50 
per cent of the heat of combustion may be thus 
carried away. Many considerations are involved 
and suitable means of adjustment are necessary 
if the best performance is to be obtained from 
any particular engine. The temperature of the 
water leaving the jackets should be as high as 
is compatible with efficient lubrication, etc. 
Generally, it will vary from 120 to 160° F. 
The jackets should have separate “ open” 
discharge pipes, in order that the temperature 
may be tested and the circulation seen at a 
glance. The amount of water required may be 


taken at 30-40lb. per b.h.p.-hr., depending 


chiefly on the temperatures prevailing. 
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The passages in the water jacket should be 
as large as possible, and designed in accordance 
with the varying temperatures existing at 
different points in the breech end and cylinder. 
Care must be taken to avoid pockets in which 
air or steam might lodge, and provision must be 
made for cleaning, in order that the “scale ”’ 
which is usually formed may be periodically 
removed. Otherwise the efficiency of the cool- 
ing surface becomes impaired. If soft rain- 
water is used there will not be much trouble in 
this respect, and small quantities of soda 


Fic. 65. WATER-COOLED PISTON 
(GALLOWAY) 


added to ordinary water will be useful, though 
complete “ softening ’’ of the latter requires the 
use of certain chemicals, according to its 
composition. : 

Where the water supply is cheap and plenti- 
ful, the outlet water may be allowed to run to 
waste (though a storage tank is advisable for 
emergencies). Generally, however, it is arranged 
to use it over and over again, it being cooled 
each time by exposure to the atmosphere. In 
small and medium sized engines this may be 
effected by passing the water through tanks in 
a suitable position, while for larger engines a 
mechanical cooler or some form of “ cooling 
tower” may be desirable (Fig. 63). The 
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latter consists of many tiers of wooden plank- 
ing, crossed and recrossed so as to expose 
the maximum amount of surface to the atmo- 
sphere. Over these a number of small streams 
of water descend and, while the air can reach 
the same from all directions, the louvre boards 
fitted on the outside prevent the spray being 
blown away by the wind. Of course, any loss 
due to absorption of moisture by a dry atmo- 
sphere requires to be made good. 

The circulation is usually effected by the 
“thermo-syphon ’’ or natural method which is 
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generally installed, either in connection with 
tanks, cooling towers, or a stream, if available. 
The power absorbed by such pumps is very 
small. 

As previously stated, if more than about 
150 h.p. is developed per cylinder (correspond- 
ing diameter about 22 in.), it becomes neces- 
sary to apply water cooling to the piston. The 
latter, of course, is in varying and'rapid motion, 
but the supply of water must be continuous 
and many ingenious arrangements have been 
devised for this purpose. Because of the 


fi 
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illustrated in diagrammatic form in Fig. 64. 
This system, of course, depends on the reduc- 
tion in the density of water with increasing 
temperature, and the greater the height of the 
tanks above the centre line of the engine, the 
greater will be the force causing the circulation. 
Hence it is obvious that both from the point of 
view of rapid circulation of water in the cylin- 
der jacket and also adequate cooling in the 
tanks, the latter should be placed in the highest 
and most exposed position possible. Protec- 
tion against frost should be provided by drain- 
ing the whole system when necessary, rather 
than placing the tanks in a low or sheltered 
position, where they become comparatively 
inefficient. The approximate size of the tanks 
may be fixed by allowing a minimum storage 
capacity of 30 gal. per b.h.p. A _ good 
circulation is assured by making the effective 
height of the tanks two and a half to_ three 
times their diameter, and fitting an internal 
baffle plate as shown. In the case of larger 
engines, the above natural method of circu- 
lation is not very satisfactory, and pumps are 


reciprocating motion of the piston the water 
must be supplied at a pressure of about 50 lb. 
per sq.in., and great care is required in the 
design of the telescopic or other form of glands 
if the latter are to work freely without leakage. 
The piston of the Galloway engine is shown in 
Fig. 65, and a section of the engine in Fig. 66. 

Water enters and leaves the pistons via the 
hollow rods, and it is led to the latter by 
rocking pipes connected to the coupling between 
the pistons. 

The main difficulty in the water cooling of 
the exhaust valve is not the supplying of 
sufficient water, since the actual amount 
required is comparatively small, but rather the 
providing of passages of such an area as will 
prevent choking up by deposit, etc. Some 
makers, therefore, fit a solid exhaust valve and 
concentrate their attention on efficient cooling 
of the parts immediately surrounding the same. 
The exhaust valve casing is usually a separate 
casting bolted to the main cylinder and, in 
some cases, the valve seating may also be a 
separate piece and is, therefore, easily renewable. 
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REFRIGERATING MACHINERY 


By G. W. Dantes, M.Enc., WH.Ex., A.M.I.Mecu.E. 


LESSON III 
MACHINES—<contd.) 


Multiple Effect Compression. A system which 
has come into use, particularly for CO, machines, 
is known as multiple effect compression, and is 
illustrated diagrammatically in Fig. 16. In this 
system the CO, from the condenser is not 
expanded through the regulating valve directly 
into the refrigerator coils, but first passes into 
a vessel E called a multiple effect receiver. 
This receiver is maintained at some pressure 
intermediate between that in the condenser and 


Fic. 16. DIAGRAM OF MULTIPLE EFFECT 
COMPRESSION SYSTEM 


evaporator. The function of the receiver is to 
separate the CO, vapour, which is always formed 
during the expansion past the regulating valve, 
from the liquid CO,. The latter is passed 
through a second automatic regulating valve F 
into the refrigerator coils, while the CO, vapour 
is returned direct to the compressor. 

Such a system possesses advantages where 
the temperature of the condensing water is 
high and the refrigerator temperature low, 
because under these conditions quite a large 
proportion of the liquid CO, leaving the con- 
denser evaporates during the passage through 
the regulating valve and is, therefore, useless 
so far as the cooling of the brine or other sub- 
stance round the refrigerator coils is concerned. 
The expansion in two stages in the multiple 
effect system greatly reduces the amount of 
liquid CO, evaporated in this way and, there- 
fore, increases the output of a given size of 
machine. The vapour from the receiver usually 
enters the compressor through ports overrun by 
the piston, as already described for the two 


pressure system of working. The low pressure 
gas first drawn into the compressor is therefore 
compressed up to the receiver pressure by the 
gas from the receiver, and not by the machine, 
and consequently some economy is obtained in 
the power required per unit of refrigeration. 

Such a system is applicable to other refriger- 
ants than CO,, but it is with CO, that the best 
results are obtained. 

Mechanically-operated Compressor Valves. 
An interesting development of recent years has 
been the introduction of mechanically operated 
compressor valves in place of the usual auto- 
matic spring controlled valves. So far, only 
machines using ammonia have been built on 
these lines, and the type of automatic valve 
employed is that known as the sleeve valve and 
hitherto employed on motor-car engines. Fig. 17 
(facing page 1113) shows the operation of a 
sleeve-valve machine in which the sleeve acts 
as both a suction and delivery valve. D is the 
compressor piston, & the sleeve valve having 
two sets of ports in it, C the safety head, A 
the suction, and B the delivery pipe. From a 
study of the diagrams it will be seen that during 
the suction stroke, the lower set of ports come 
opposite the suction opening A and allow gas 
to enter the cylinder, the upper set of ports 
being meanwhile closed by the safety head. 
During the discharge stroke the upper set of 
ports are, by the movement of the sleeve, 
brought past the end of the safety head, and 
so permit the compressed gases to escape from 
the cylinder into the annular space around the 
safety head. During the discharge stroke the 
suction ports are, of course, closed. This type 
of valve is only used on comparatively small size 
machines, because it is impossible so to time the 
movement of the sleeve and piston that the 
ports open and close at exactly the right 
moments for all the varying conditions under 
which the refrigerating machines have to work. 
The timing can only be correct for one set of 
working conditions and, therefore, with any 
other conditions there are some losses and 
inefficiencies. In small size machines, however, 
such losses are said to be counterbalanced by the 
simplicity due to the absence of automatic 
valves. : 
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’ Fig. 18 (facing page 1113) shows diagram- 
matically the operation of a large size sleeve- 
valve machine. In this the sleeve valve only 
operates the suction. The delivery is through 
an automatic spring-loaded valve in the safety 
head. Fig. 18 is also interesting in so much as 
it shows clearly the operation of a machine 
with two suction pressures, and the inrush of 
gas at the higher suction pressure will be noted. 

Fig. 19 shows the external appearance of a 
sleeve-valve machine, while Fig. 20 is a photo- 
graph of the piston, cylinder, and sleeve valve. 

All refrigerating machines are equipped with 
a set of fittings which have now become practi- 


Fic. 19. DoOUBLE-SUCTION SLEEVE-VALVE 
MACHINE 
(H. J. West & Co. Ltd.) 
cally standard. First and foremost, stop valves 


are provided on the compressor suction and 
delivery to enable the compressor to be quite 
shut off for examination. Smaller valves and 
connections are also provided to enable the com- 
pressor to be by-passed when starting up. This 
is essential if the machine is driven by a gas or 
oil engine which cannot start against a load. 
These connections also serve to cross over the 
suction and delivery pipes so that, if necessary, 
the compressor can pump the refrigerant out of 
the condenser, and not into it as in ordinary 
running. The condenser can thus be emptied 
for repairs. A strainer or dirt trap is fitted on 
the compressor suction to prevent dirt or grit 
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entering the compressor cylinder, and an oil 
trap is fitted on the discharge to remove any 
lubricating oil carried over by the refrigerant 
and keep it out of the condenser coils. In 
ammonia plants it is customary to fit an 
ammonia reservoir or “ pig’’ at the condenser 
outlet. This reservoir serves as a storage vessel 
for the liquid ammonia. Pressure gauges are 
also always fitted on the compressor suction and 
discharge. 


CONDENSERS AND EVAPORATORS 


Not the least important parts of the refrigera: 
ting plant are the coils of pipe serving as cons 


SLEEVE VALVE FOR AMMONIA 
COMPRESSOR 
(H. J. West & Co, Ltd.)- 
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densers and evaporators. If these parts are of 
insufficient size, or wrongly proportioned, the 
plant will not work well, however good the 
compressor. 

The most common type of condenser for land 
use is what is called the atmospheric condenser. 
Fig. 21 illustrates this. Such condensers con- 
sist of several sheets of piping, fastened to an 
angle iron framework, each sheet being arranged 
in a vertical plane. Each of these sheets of 
pipes is composed of three or four continuous 
grids formed by electrically welding together 
lengths of piping, and suitably bending the pipe 
to form the grids. The three or four grids 
forming the sheet are interlaced as shown in 
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Fig. 21, the bends at the ends of the pipes being 
turned outwards slightly to the right and left 
as required. This construction enables a large 
amount of piping to be fitted in a moderate 
space. The end pipes of each grid are jointed 
to headers of cast iron or welded steel. A 
stop valve is usually fitted at each header to 
enable any one sheet of pipes to be shut off. 
Over the topmost pipe in each sheet is fitted a 
length of piping having a slot in its uppermost 
part, and this pipe is fed with water from an 
overhead tank supported on the framework. 
The water escapes from the slotted pipe, flows 
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name ‘‘atmospheric condenser.” Such con- 
densers are very economical of water but 
require a large amount of pipe surface. 

If water is plentiful, as happens when the 
plant is situated on a river or canal bank, then 
a submerged condenser may be used. This con- 
sists simply of coils placed in a tank with water 
circulated over them. The water is used only 
once and then goes to waste. Such condensers 
do not require much pipe surface, but can only 
be used where water is plentiful. 

Another type of condenser used especially for 
small plants is the double-pipe condenser. This 
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down its sides, and thence trickles down the 
sheets of grids forming the condenser. The 
water is collected in a large tank underneath 
the condenser and re-circulated by a pump. 
This type of condenser is always placed in the 
open air, being, if necessary, protected by 
wooden louvre boards from the sun and strong 
winds, which would otherwise blow the water off 
the pipes. The condenser really serves two 
purposes ; it condenses the refrigerant and, at 
the same time, acts as a cooling tower for the 
condensing water, because a small portion of 
this evaporates into the atmosphere as the 
water trickles down the pipes, and this evapora- 
tion cools the remainder of the water sufficiently 
to enable it to be used over again. Hence its 


consists essentially of a series of concentric 
pipes, one inside the other. The refrigerant 
usually is condensed inside the smaller pipe 
while the cooling water is. passed through the 
space between the two pipes. Many different 
constructions of double-pipe apparatus are 
possible. 

Fig. 22 shows the simplest, used for the 
smallest plants. In this the two pipes are 
placed inside one another and bent to give the 
form shown. 

Fig. 23 shows a more elaborate type used 
for larger installations. 

Condenser Surfaces. The following rules 
indicate approximately the amount of pipe 
surface and quantity of cooling water required 
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for different types of condenser, all being given 
per ton refrigeration— 
Atmospheric type . 35 to 40 sq. ft. surface. 
230 gals. water per hour. 
. 25 to 30sq. ft. surface. 
60 to 65 gals. water per 
hour. 
. 10 to 22 sq. ft. surface. 
120 gals. water per hour. 


Submerged type 


Double-pipe type 


Condenser coils may take several forms : 
flat grids, as in Fig. 21; circular coils, as in 
Fig. 24 (a) ; “ oval coils,” as in Fig. 24 (6) ; or 
even rectangular coils, as in Fig. 24 (c). When 
one or more coils are placed one inside the other, 
they are described as being “ nested.” 

Coils for ammonia are always made of iron 
or steel, but for CO,, copper is often employed, 
especially if the condensing water is salt or 
likely to cause iron to corrode. Copper coils 
are expensive but last a very long time. 

The refrigerator or evaporator coils in which 
the refrigerant evaporates and produces the 
cold, often take very similar forms to those 
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just illustrated for condensers, the exact 
arrangement depending upon whether we want 
to cool a liquid or a gas. As we shall refer to 


Fic. 24 


these coils again when we treat of applications 
of refrigeration to definite purposes we need not 
consider them further at this time. 
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By E. A. Atkins, M.I.Mecu.E., M.I.W.E. 


LESSON II 
THE WELDING OF METALS 


Tue welding together of two pieces of the same 
metal without the introduction of any form of 
solder, spelter, or other metal, is termed auto- 
genous soldering or auto-welding; the latter 
term, of course, meaning the self-jointing of.a 
single metal. 

At the present time almost any kind of metal 
or alloy can be welded by the application of one 
or other of the methods of gas or blow-pipe 
welding, or the electric-arc, resistance or other 
processes to which the use of electricity is 
applied. 

Blacksmith’s Welding. This is the oldest 
method of auto-welding, and no doubt dates 
back to the time when iron was first made, as 


it is now known that comparatively small sized 
pieces of wrought iron were originally made by 
the welding together of several smaller lumps. 

Whilst the blacksmith’s weld is very common 
it is not by any means always an efficient 
method of jointing, as it is just one of those 
operations which bring in the personal element 
of the workman more than many others. No 
exact degree of efficiency can be fixed as to the 
strength of a blacksmith’s weld, for whilst it is 
often said that the strength of a fire weld gives 
80 per cent of the strength of the solid metal, 
actual testing shows that this is not by any 
means true. In some cases the strength of the 
weld when made by an experienced blacksmith 
may be equal to that of the solid bar, yet in 
other cases it may be anything down to as low 
as 30 per cent efficiency. 


1132 


For good fire welding the ends of the bar 
should be heated to the right temperature, and 
it is certainly an advantage to use a flux of fine 
sand or a compound of equal proportions of 
well-heated borax and salammoniac, which will 
assist in removing any oxide from the surface 
of the metals which are to be joined. Any 
layer of oxide or slag which is bottled up in the 
weld is fatal to a strong joint, as any part of 
the joint which is not welded inevitably leads 
to a reduction of strength. 

Oxy-acetylene Welding. During the last 
few years this method of welding has made 
enormous strides, and this is not to be wondered 


at when one considers the advantages of this 
particular method of jointing metals. The 
oxy-acetylene blow-pipe flame gives a very high 
temperature running up to between 6,000 and 
7,000° F., thus giving the temperature neces- 
sary to melt any of the ordinary metals. In 
this system of welding, too, the blow-pipe 
flame, if properly formed by the right mixture 
of gases, gives certain products of combustion 
which act as reducing agents, and thus tend to 
keep the metal from being permeated with 
oxides or allowing scale to form on the surface 
when the metal is in a molten state. 
Oxy-acetylene welding permits the fusing 
together of bars or plates of iron or steel from 
the thinnest sheet to almost any thickness of 
plate that is used in the boiler shop. With 
great care it is possible to make the welded 
portion as strong as the solid bar or plate, but 
generally it is the safest plan to assume that the 
welded part will be slightly weaker. A competent 
welder can certainly make joints which are equal 
to 95 per cent of the strength of the solid plate. 
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Those who commence to use the oxy-acetylene 
process should be warned of the absolute neces- 
sity of making a large number of trial joints in 
metals, and to test them by either pulling or 
bending to ensure the production of work which 
will have maximum strength and toughness. 

All kinds of work should be properly prepared 
before any attempt is made to weld same. 
Steel or iron plates which are over } in. in thick- 
ness should be bevelled, so that when they come 
together a ““V”’ is formed, which should be 
about as wide at the top as the plates are in 
thickness. 

The feeding wire should be of a quality 
suitable for the work and never of a greater 
diameter than the thickness of the work, and 
in the case of heavy plates should not be greater 
than jin. diameter. The method of using the 
blow-pipe and applying the feed wire is shown 
in Fig. 5. 

For “ cutting ”’ iron or steel a special form of 
blow-pipe is used, in which it is so arranged that 
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a central stream of oxygen can be brought into 
the flame which rapidly cuts the metal away by 
oxidation. 

Oxy-hydrogen Welding. The oxy-hydrogen 
blow-pipe has been in use in connection with 
lead burning and similar operations for a long 
time. For several reasons it cannot rank with 
the oxy-acetylene method for welding purposes. 
Apart from the fact that the temperature of the 
flame is lower than that of the oxy-acetylene 
blow-pipe, the product of combustion is a 
considerable drawback.. In the burning of 
hydrogen, water vapour is always formed, which 
causes the formation of oxide when it comes 
into contact with molten or hot iron. 

Oxy-coal Gas Welding. The use of oxy-coal 
gas welding is confined to low temperature work, 
such as lead burning, brazing, etc., therefore 
it has a much more limited use than in the case 
of oxy-acetylene. 

Oxy-benz Welding. A considerable amount 
of investigation in connection with the use of 
light mineral oils has been carried out on the 
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Continent, but whilst under certain conditions 
these may give some particular advantages, as 
a rule they cannot compete with oxy-acetylene 
welding. 

Oxy-water Gas Welding. This gas and 
several other gases of this order have been used 
with some degree of success for particular kinds 
of welding purposes, but up to the present, as 
compared with acetylene, they do not warrant 
any great consideration except when due to 
some local conditions. 

Thermit Welding. Some years ago in this 
country, considerable interest was aroused by 
the application of thermit welding to the joint- 
ing of tramway rails and similar class of work, 
but at the present time it has nothing like the 
scope of acetylene and electric welding. The 
process is very simple. 
aluminium and iron oxide is placed in a crucible, 
and fired at the upper part. As aluminium has 
great affinity for oxygen it readily robs the oxide 
of iron of this element, combining with it to 
form oxide of aluminium or alumina. Mean- 
while the molten iron trickles down through the 
heated mass and runs through a hole in the 
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bottom of the crucible into a mould placed round 
the ends of the bar which required jointing. 

Electric Welding. There are really only two 
ways in which steel can be welded by the use 
of an electric current. One is known as the 
“ Resistance’ method of welding, where the 
electric current is used simply as a source of 
heat, the heat generated being due to the 
resistance set up at the joint of the metal. The 
other is known as the “ Arc ”’ method of welding, 
the metal to be welded being either melted or 
vaporized in the electric arc. 

Generally there are three kinds of resistance 
welding, viz., butt welding, spot welding, and 
contact welding. 

Butt welding is the method adopted when the 
two ends of a rod, bar, tube, or wire are butted 
together and an electric current passed through 
the joint of sufficient strength to gradually heat 
up same to the melting point of the metals, 
these being then squeezed together and welded. 

Spot welding is used to take the place of 
riveting in iron sheets or, thin plates. The 
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sheets or plates are squeezed together over a 
small circular area in a grip. The electric 
current is then passed through the part held 
and melts the portion of the sheet between the 
grip, bringing this up to a welding temperature 
and thus uniting same. 

Contact welding is generally used for the 
making of reinforcing fabric, or other net-like 
structures which are made out of bars or wire. 
In this the crossed wires are simply pressed 
together, and at the same time an electric 
current passed through the joint which melts 
the points of contact of the two wires, and thus 
effects a welded joint over a small area. 

Arc Welding. Arc welding of recent years 
has taken many forms, and these will be dealt 
with in a further article. At the present time 
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the method in most general use is the one where 
a wire metallic electrode is used, the latter being 
coated with some form of flux. The electrode 
itself also forms the filling material, this being 
melted away as progress is made with the joint 
formation. In Fig. 6 an electrically welded 
lap joint is shown, of the type used ior the shell 
plates of large ships. The shaded filleted parts 
are those filled in by the use of wire. In Fig. 7 
a similarly welded butt joint is shown, this being 
used where the unbroken plate surface is re- 
quired. The strength of the lap joint is usually 
greater than that of the plate. In butt welds, 
however, the strength of the joint rarely equals 
that of the solid plate. 

The method of applying the wire elec- 
trode to weld two plates together is shown in 
Fig. 8. 

As the metallic arc method of electric welding 
is now so commonly used and is of such great 
importance to the engineer, one or two further 
papers will be given explaining methods of work- 
ing and the kind of joints which can be formed. 
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LESSON XXI 


ELEMENTS OF MECHANISM 
(contd.) 


DEFINITION OF MACHINE 


IF we connect together a number of links or 
elements in such a manner that relative motion 
between the parts can take place, one link being 
fixed, we obtain a Mechanism. Such an 
alrangement may be quite useless for the pur- 
pose of transmitting force in any direction and, 
in fact, may be regarded as the skeleton frame 
of a machine. When, in addition, the elements 


R 
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or links possess the property of rigidity to a 
sufficient degree, that they can transmit the 
forces for which they are designed without 
undue deformation and, further, when the 
movements of the several links take place in 
predetermined directions, then we are justified 
in referring to our combination of links as a 
MACHINE. The function of a machine is to 
receive a supply of energy in some available 
form and to so modify or convert it that it 
takes on a more convenient form for the particu- 
lar purpose in view. Turbines and engines of 
all kinds are examples of machines, since they 
convert the energy in the steam, oil, or gas 
supplied to them into the mechanical energy 
of rotation of the main or crankshaft. Work- 
shop machines, in general, also satisfy our 
requirements, in that they convert the mechani- 
cal energy of rotation of a driving shaft or pulley 
to the useful work of some machine operation. 
Machines, however, need not be of compli- 
cated form, nor need they comprise a large 


number of elements ; a wheel and axle with its 
bearings form a machine, so also do a lever and 
its fulcrum, and a wedge with the bodies which 
it separates. From the above, the reader will 
see that at least two elements are required and, 
that constrained relative motion between these 
two elements must be possible, before we can 
claim to have satisfied the requirements of a 
Machine. This, of course, excludes those 
combinations of rigid bodies known as struc- 
tures, since no constrained relative motion 
takes place between the several elements. 
VeLocity Ratio. This is a term usually 
applied to a machine as a whole, and denotes 
the ratio between the velocity of the point of 
application of the effort and that of the point 
at which the useful work is done. If, as an 
example, we consider a pair of chain blocks, 
Fig. 117, as used for lifting heavy bodies, then 
the velocity ratio is measured by the fraction— 
Vi 
velocity of the “ fall’ E (where the effort is applied) | 
velocity of the load R ; 


and, since the time interval during which the 
respective movements take place are equal, we 
actually measure and compare these movements 
length of “ fall” chain hauled at E 


distance which F is raised 


or, Ve= 


movement of effort 


or, VR= movement of load 


MECHANICAL ADVANTAGE. The Mechanical 
Advantage (MA) of a machine is the measure 
of an advantage gained by the use of the 
machine. Referring again to our pair of chain 
blocks, Fig. 117, it is clear that we gain a cer- 
tain advantage when we employ this machine 
in raising heavy weights; the proportions of 
the machine are such that, by the application 
of quite normal efforts, we are able to raise 
weights many times greater than the efforts 
which we exert. This advantage is measured 
by the ratio— 


resistance overcome 


Oh Ae ee applied 


EFFICIENCY. It is of the highest importance 
to an engineer that he should be quite familiar 
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with the notion of effictency ; used in its widest 
sense, it is efficiency which determines which 
type of machine we employ for a particular 
purpose. In our present study, however, we 
must restrict our attention to that of mechanical 
efficiency and exclude all other considerations, 
such as convenience, reliability, initial and 
operating costs, etc., which, in the final count, 
_ determine the type of machine adopted. 

In order that a machine may do a particular 
piece of work, it is necessary to expend a cer- 
tain amount of energy in driving the machine 
and, of this energy, a part is invariably found 
to be consumed in overcoming the internal 
resistance of the machine itself. This results 
in there being less energy available for doing 
useful work than was supplied to the machine, 
and the ratio between the useful work done by 
the machine and the total energy supplied is 
termed the efficiency of the machine, hence 


total energy supplied to machine — all losses 


enowaey = total energy supplied to machine 
or, 

cat work done by machine 
efficiency 


work supplied to machine 


The following worked example is given to 
make clear the various terms explained.above, 
and also to show the various relations which 
exist between the quantities. 

EXAMPLE. A machine, whose velocity ratio 
was found to be 20, was tested and the following 
data obtained— 


Effort applied to 


machine 5 - 18} 20 | 33 | 43 | 55 | 68 | 80 | 92 | 104 | 116 


Resistance overcome 


by machine 0 | 100 | 200 | 300 |} 400 | 500 | 600 | 700 | 800 | goo 


Calculate and tabulate the corresponding values 
of MA, friction and ideal efforts and effici- 
encies and plot graphs of effort (E), ideal 
effort (JE), MA and efficiency with resis- 
tance overcome. 

By Ideal Effort is meant “‘ that effort which 
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would be just sufficient to operate an ideal 
machine.” An ideal machine would operate at 
too per cent efficiency, and since, 

work done by machine 

work given to machine’ 


efficiency = 
we may writé 


100 per cent 


resistance * movement of resistance 
IE x movement of IE 


resistance x I 
TE SC VR 


resistance 
VR 


Again, to determine the actual efficiencies 
at the various loads we make use of the expres- 
sion— 


oF 100 per cent —= 


TE = 


work done by machine 
work given to machine 


efficiency = 


or, efficiency 


resistance X< movement of resistance 
effort x movement of effort 


flici MA 
emiciency = VR 


Since the original data. was obtained experi- 
mentally, we may expect to find some slight 
errors in the given values ; these can be elimin- 
ated by plotting a graph of Efforts and Rests- 
tances and tabulating a series of corrected 
efforts, as under. 

The Friction Effort (FE) is the excess of the 
actual effort above the JE. 


RESISTANCE AND EFFORT 


This graph is seen to be a straight line and 
hence it can be expressed in the form— 
E=aR+0 
“q” and “ 6” being constants. 


(1) 


Corrected efforts 8-53 | 20-36 | 32-13 | 43°97 | 55°8 | 67°63 | 79°53 | 91°36 | 103-19 | 115-02 
Mechanical advantage . . fe) 4:91 |6:224 | 6:82 eL7 | 9°39 | 7°54 | 7-66 a95 7°82 
Ideal effort . : ‘ ‘ oO 5 10 15 20 25 30 35 40 45 
Friction effort aad 8-53 | 15°36 | 22-13 | 28-97 | 35°8 | 41-63 | 49°53 56-36 63°19 70:02 
"Efficiency per cent : : ° 24°55 | 31°r2 | 34°2 [35°85 | 36°95 | 37°7 38-3 38°75 39°1 
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From the graph of E and R, we select two 
points; thus, when R= 800, E = 1032; 
when R = 200, E = 32:2. 

Substituting these values of E and FR in 
equation (1) we have— 

1032 = (a X 800) + b 
32:2 = (a X 200) + a 
which, on solution, gives a = i and 6 = 8°53. 


yy 
Efficiency per Cent 


| LE | 10 
oll 1 ey 5 
O 700 400 500 600 700 600 900 1000 
Resistance 
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The relation between effort (£) and resis- 
tance (R) can now be stated as— 


Rage 


600 R =e 8-53 


(2) 


RESISTANCE AND EFFICIENCY 


Sincen =) =a ke 


multiplying through by ER we obtain ; 


E aR b : 
EX VR EXVRO BaCVR: 


which reduces to 


I ; b 8 
VR=4*x efficiency ++ VR*XE (3) 
which is in the form of a straight line equation, 


air I : 
efficiency and E being the two variables. The 
graph of these variables is shown in Fig. 11g. 
Substitution of the known constants in (3) 
gives— 


<epewe? 8:53 
20 600 * efficiency + 20 X effort 


- (4) 
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LOWER AND HIGHER PAIRING 


In our earlier consideration of the essentials 
of a Machine, we spoke of a number of success- 
fully constrained elements or links being con- 
nected together. Any two links connected 
together so that the motion of one is success- 
fully constrained by the other, form a paiy and 
a series of pairs form a kinematic chain. If we 
fix one link of our kinematic chain and thus 


cted Effort 


i) 


Corre 
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completely determine the motion of all the 
remaining links, we obtain a closed kinematic 
chain. The simplest kinematic chain consists of 
four linked pairs, as shown in Fig. 120, which 
is termed a Quadric Cycle Chain. 

By successfully constrained motion we mean 
that all movement takes place along a predeter- 
mined path; e.g. if we desire a piston to have 
reciprocating motion only, then we so arrange 
the connection between the piston and the 
connecting rod (the gudgeon pin) as to prevent 
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any rotation of the piston about its own longi- 
tudinal axis. Now it is found that all con- 
strained motion taking place between any two 
elements can be classified as, (1) sliding, (2) 
rolling, or (3) a combination of sliding and 
rolling. If the connection or pairing between 
any two elements is such that movement 
results in the sliding of one surface over the 
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other, then the pairing is termed Lower; if, 
on the other hand, rolling of the surfaces in 
contact takes place, then the pairing is termed 
Higher. A screw and nut, a shaft in its bear- 
ings, and a piston in its cylinder are typical 
examples of lower pairing; it will be noticed 
that contact is made over a surface and motion 
results in the sliding of one surface over the 
other. Friction and toothed wheels when 
accurately formed supply us with examples of 
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higher pairing ; the wheels or teeth, as the case 
may be, roll over each other and, excluding 
the slight local elastic flattening of the material 
in contact, contact is at a point or along a line. 


INVERSIONS OF QUADRIC CYCLE CHAINS 


In Fig. 120 the link d is seen to be fixed ; if, 
however, we fix one of the other links we obtain 
an inverted mechanism. : 

SLIDER CRANK CHAIN. The Quadric Cycle 
Chain consists of four turning pairs, whilst the 
Slider Crank Chain has one sliding and three 
turning pairs and can be obtained from the 
Quadric Cycle Chain by an alteration in the 
relative lengths of two of the links as follows: 
Referring to Fig. 120, if link a is longer than 
link c, then c will make a complete revolution 
whilst a will oscillate through an angle. Fur- 
ther, as the length of link a is continually 


A B Cc 
SE ae ie 
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increased, the arc along which the end K moves 
becomes flatter and, will finally become a 
straight line. The path of K can now be set 
to coincide with the axis of the fixed link d, and 
we now have the usual form of Slider Crank 
Chain (Fig. 121). 


VELOCITY AND ACCELERATION DIAGRAMS 


The Velocities and Accelerations of various 
points in a mechanism are conveniently deter- 
mined by drawing the appropriate velocity and 
acceleration diagrams. Whilst both velocities 
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and accelerations are vector quantities, never- 
theless, accelerations are a little more difficult 
to deal with, so we will first confine our atten- 
tion to velocities and extend our study to 
accelerations later. 

Let us consider 3 bodies, A, B, and C, 
Fig. 122, moving along the same straight line, 


Ze 


oe 
B my 
iC 


Y,=50 
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but with the different velocities as shown. 
We require to show that— 


Velocity of A relative to C = velocity of A 
relative to B + velocity of B relativeto C . (1) 


Since A and C are moving in opposite direc- 
tions, the velocity of A relative to C = 50 + 
30 = 80. Similarly the velocity of A relative 
to B=30+10= 40. Again, the velocity of 
B relative to C = 50 —I0 = 40, since they both 
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move in the same direction. Substituting these 
values of relative velocities in (1), we have— 


80 = 40 + 40. 


We can now consider the case of 3 bodies, 
A, B, and C, Fig. 123, moving with velocities 
of 30, 10, and 50 respectively, in directions 
inclined to each other as shown. We have 
again to show that 


Velocity of A relative to C = velocity of A rela- 
tive to B + velocity of BrelativetoC . (1) 
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To determine the velocity of A relative to C, 
we give to C a velocity equal in magnitude but 
opposite in direction to that which it already 
possesses ; the result of this velocity addition is 
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Setting down our fundamental equation, we 
write: Velocity of slider C relative to the fixed 
line CS = velocity of shder C relative to crank 
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to cause C to become stationary. Now, in 
order not to disturb the relative motions, we 
must serve both A and C alike, that is, we must 
give to A a velocity equal to that which we 
have given to C. This is shown in Fig. 124 ; 
the vector sum gives the velocity of A relative 
to C. Again, to determine the velocity of A 
relative to B, we must give to B a velocity equal 
in magnitude but opposite in direction to that 
which it already possesses, and so render B 
stationary. An equal addition of velocity 
must now be made to A, and so we obtain the 
velocity of A relative to B as shown in Fig. 125. 
In a similar manner we obtain the velocity of B 
relative to C, Fig. 126. We can now perform 
the vector sum. 

Velocity of A relative to B+ velocity of 
B relative to C, as in Fig. 127, and measure- 


AS} 
$ 
® 
& 
x 


€/ 


C 


9) 


Fic. 128 


ment shows that the velocity of A relative to C 
as given in Fig. 127 is identical in magnitude 
and direction with the velocity of A relative to 
C as given in Fig. 124. As an example on the 
construction of velocity diagrams, let us consider 
the slider crank chain, Fig. 128, in which the 
crank rotates with a uniform angular speed w. 


pin P + velocity of crank pin P relative to the 
base line CS. 

Now, the velocity of P is wy tangentially to 
the crank circle at P; set down sp, Fig. 129, 
= wyrtoscale. Also, the velocity of C can only 
be directed along the line CS, therefore draw 
sc parallel to SC. 

In considering the velocity of C relative to 
P, we must realize that C and P are the ex- 
tremes of a vigid rod and, therefore, neither 
end can have a velocity directed towards the 
other. In reality, CP is a rod which we may 
consider to be pinned and capable of swinging 
about P, so that the velocity of C relative to 

P is directed along a line at right angles to CP, 
as shown in Fig. 128. Returning to Fig. 129, 
draw cp perpendicular to CP, then cp represents 
the velocity of the slider C relative to P, and 


Velocity of CrelativetoS 
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sc represents the velocity of the slider C rela- 
tive to S, that is, along the guides. If it is 
required to find the velocity of any point A on 
the connecting rod CP, we locate the point a, 


Op AGA 
so that peor’ 
of this point in magnitude and direction relative 
to the fixed link or line CS. 


then sa represents the velocity 


ACCELERATION~ DIAGRAMS 


The fundamental equation for. accelerations 
is of similar form to that for velocities and is 
written— : 

Total acceleration of slider C relative to fixed 
line CS = total acceleration of slider C relative 
to P+ total acceleration of P relative to the 


fixed line CS. 


Now, the fotal acceleration is the vector sum 
of the tangential and centripetal accelerations, 
and we must, as far as possible, determine the 


tangential and centripetal accelerations of, (1) 


, 


‘ 
_ tude is 
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slider C relative to CS, (2) slider C relative to 
P, and (3) P relative to S, before we can draw 
the acceleration diagram. (1) Since slider C 
moves wholly in a straight line it can have no 
centripetal (at right angles to CS) acceleration ; 
its whole acceleration must be directed along 
CS and, at present, is unknown in magnitude. 
(2) The centripetal acceleration of C relative to 
P is directed from C towards P, and its magni- 


te)" (cb. Fi is the linear velocity 
CP (cp, Fig. 129, is the linear velocity 


of C when we consider it as moving about P 
as acentre). The tangential acceleration of C 


is unknown at present, except that it is directed 


4 at right angles to CP. 


(3) The tangential 
acceleration of P is zero since the speed of rota- 
tion is constant. The centripetal acceleration 
of P is directed towards S, and its magni- 

2 
2 We now have sufficient data to 
enable us to draw the acceleration diagram, 
Fig. 130, for this configuration of the chain. 


_ Set down, sp! = centripetal acceleration of P 


2 
towards S = on . From #' draw #'c, parallel 
to CP and = centripetal acceleration of C rela- 
2 
tive to P= a . The tangential accelera- 


tion of C relative to P is unknown in magni- 


tude but its direction is at right angles to CP, or 


1139 


p'c,; therefore draw c,c' at right angles to p'c,. 
The tangential acceleration of C relative to S 
is unknown in magnitude, but its direction is 
along CS, therefore draw s'c! parallel to CS. 
Then, c's! represents the tangential acceleration 
of C relative to S, and is seen to be the vector 


f 
S\_Jangential acceleration of C relative toS , | 


Fig. 130 


sum of s1p! (which is the total acceleration of 
P relative to S) + p'c! (which is the total 
acceleration of the slider C relative to P). 
cat 
Having located a! to satisfy the relation = = 
CA 
cP: 
relative to the fixed link.or base CS. If a’a’” 
is drawn perpendicular to s'c!, then s’a” and 
a’a” represent the accelerations of A in direc- 
tions parallel and normal respectively to CS. 


then sig! is the total acceleration of A 
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PIONEERS OF ENGINEERING 


By J. F. Corrican, M.Sc., A.1.C. 


LESSON XXI 


MEASUREMENT STANDARDS 
ESTABLISHED 


SIR JOSEPH WHITWORTH, Bart. 
(1803-1887) 


THE great handicap of all the earlier steam- 
engine inventors and mechanical engineers was 
that they have no definite constructional 


Sir JosepH WHITWORTH 


standards of measurement to refer to. Watt, 
in his writings, very frequently is found lament- 
ing the lack of such definite measuring standards. 
Watt and his fellow engineers had to deal with 
engines in which the nuts, bolts, rods, and the 
other items of assemblage were all of different 
sizes, and, as the reader will well be able to 
imagine, the repair of engines and machinery 
in those days was a task which called for the 
greatest amount of patience, owing to the fact 
that each extra nut and bolt needed had to be 
made specially to fit the required part. 


In the beginning of the nineteenth century, 
however, there was born an individual who was 
destined to remedy the above state of affairs, 
and, by his insistence upon definite standards 
of reference in mechanical engineering, to place 
the whole of the engineering industry on a 
greater and a more productive basis than it had 
occupied before. 

Joseph Whitworth, for such was the name of 
this apostle of engineering accuracy, was born at 


. Stockport, near Manchester, on 21st December, 


1803. Like most youths of his time, he left 
school at the age of 14, and was apprenticed to 
a local firm of cotton spinners. Such a task, 
however, did not satisfy young Whitworth. He 
gave up the job, and went to London. After 
a period of various engagements in that city, 
he returned to Manchester, and, with the aid of 
capital which he had influenced, he set up his 


WHITWORTH SCREW-PITCH GAUGE 


own engineering works, the main line of the 
business being tool making. 

It was about this time that Whitworth 
realized the vital importance _of setting up 
accurate standards of measurement, and from 
this period onwards one of the chief ends of his 
business life was to create the necessary measur- 
ing standards, and, still more, to convince other 
people of their practical value. 

Whitworth read many papers before the 
British Association and the Institute of Civil 
Engineering. It was in a paper read before 
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_ the latter body in 1841 that Whitworth urged 
_ the adoption of a comprehensive and uniform 


In 1868, Whitworth founded the scholarships 
which are now named after him. He set aside 


system of screw-threads. He began to manu- 
facture standardized screw-threads in his own 
works. Gradually, his system of standardized 
screw-thread gauges came into universal use, 
and now, of course, at our present time, the 
Whitworth thread gauge is a system of refer- 
ence in engineering measurements which is 
world famed. d 

In addition to creating the above standards. 

_ Whitworth devised other important methods 

for making accurate measurements. For 

' instance, he showed that if .any two of three 


Ns 


WHITWORTH SURFACE PLATES 


surfaces fit together perfectly, al! the three sur- 
faces must be true planes. He invented also a 
machine for making very minute measurements 
of length, and, by means of some of the present- 
day Whitworth measuring machines, it is 
possible to effect practical measurements of an 
order of >ya5us In. 

Whitworth, at the request of the Government, 
investigated the subject of the rifling of gun 
barrels. He invented new and improved 
machines for making rifles and heavy guns in 
large quantities. Another process originally 
due to him is a method of compressing steel in 
its molten state, whereby a metal of very great 
' tensile strength is obtained. 


- 


an annual sum of £3,000 to be awarded in 
scholarships for “intelligence and proficiency 
in the theory and practice of mechanics and its 
cognate sciences.” 

The following year Whitworth was created a 
Baronet. He died in 1887, and in his will he 


A WHITWORTH MEASURING MACHINE 
(This instrument reads to 5,455 inch) 


left the sum of {100,000 for the permanent 
endowment of Whitworth schelarships. It is 
estimated that, during his lifetime, Sir Joseph 
Whitworth expended no less than half a million 
pounds on gifts to local educational bodies, and 
many of these organizations benefited in a 
permanent manner after his death. 

Sir Joseph Whitworth, Bart., without a doubt, 
left his footprints on the sands of time. His 
educational bequests have conferred a lasting 
benefit upon his fellow men, but more than ever 
will his name be perpetuated by his creation of 
the engineering standards of measurement 
which are now employed to such a wide extent 
in the engineering industry. 
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STEAM CONDENSING PLANT 


By Joun Evans, M.ENG. 


LESSON IX 
COOLING TOWERS AND 
SPRAY PONDS 


Aw unfailing and copious supply of cold and 
reasonably clean water is necessary for the 


. 
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economic operation of all types of modern con- 
densing plant. Although a natural supply is 
advantageous, it is not always suitable, as it 
may contain chemicals and other impurities 
which would injure the metals of which the 
condensing plant is constructed. In such a 
case, and where a clean natural supply is 
strictly limited or not available, cost prohibits 
the use of water from the mains unless it can 
be cooled and used over and over again. 

The two most common cooling devices are— 

(a) Cooling towers. 


(6) Cooling or spray ponds. 

In both, the necessary cooling is produced by 
dividing up the water into small drops or a 
spray, and allowing it to fall through the air 
into a reservoir or pond. Evaporation of a 
small percentage of the water, (I to 2 per cent, 
depending on conditions), results in a lower- 
ing of the temperature of the main body of 
the water. Each pound of water evaporated 
absorbs about 1,000 heat units from the main 
body of units, which is equivalent to cooling 
50 lb. of water 20° F. 

Cooling Towers. Cooling towers are generally 
of two types— 

(a) Natural draught. 

(b) Forced draught. 

They consist of a wooden, steel, or concrete 
housing, open at each end, and filled with 
wooden, steel, or concrete laths, so arranged 
that the water to be cooled is discharged at the 
,top, and distributed so that it falls in thin 
sheets or as spray, and trickles down the interior 
obstructions to a tank or reservoir at the bottom. 
Air flows up the tower, through the dripping 
water, and rapidly cools it by evaporating a 
small portion. 

The sides of the natural draught tower 
(Fig. 45) are closed, except for louvred openings 
at the bottom through which the air enters the 
tower, and a closed flue or chimney is erected 
over the portion containing the cooling stack to 
produce the necessary draught. 

The sides of forced. draught towers are 
entirely closed, and in place of the louvred 
openings at the bottom are openings for fans 
which provide the necessary air. 

A typical cooling stack is shown in Fig. 46. 
It is carried on piers, and consists of a large 
number of laths of square section fixed so that 
the diamond points are set uppermost. Water 
is delivered to the water distributor A, and 
supplied to the distributing troughs C by inter- 
mediate troughs B. The distributing troughs 
C are totally enclosed, and spraying nozzles 
fixed at definite intervals along the tops, spray 
the water over the stack. 

The natural draught tower, although larger 
than the forced draught type, requires no power 
for its operation. In the latter type I to 2 per 
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cent of the power output may be required for 
driving the fans. On the other hand, the forced 
draught type is continuous in operation, and 
independent of air temperature and winds. 

The steel shell tower (Worthington, Simpson) 
has much to recommend it. It has a longer life 
than the wooden tower, occupies less space, is not 
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hour from go° F. to 65° F. The temperature of 
the atmosphere is 55° F., and the relative 
humidity 85 per cent. Barometer, 30 in. Hg. 
Air Entering Tower. Pressure of dry satur- 
ated vapour at 55° F. (steam tables) = 0-4357 
in. Hg. Since the relative humidity of the 
ALMOSpNETer==TO5uepeL ecent, ole. the) air sis 


Fic. 46. DIAGRAM ILLUSTRATING THE IRRIGATION 


so easily susceptible to the action of the weather, 
and the risk of damage by fire is negligible. 

The apparatus for distributing and breaking 
up the water (Fig. 47) is located in the interior, 
and consists of a star-shaped rotary water 
distributor mounted on the top of a stand pipe 
through which the water to be cooled is admitted. 
Rotation of the distributor is maintained by the 
reactionary pressure, due to the water issuing 
in jets through a series of orifices on the main 
distributing arms. 

The breaking up of the jets into fine drops and 
exposing them to the current of cool air is 
effected by many thousands of thin galvanized 
steel sheets, rolled into tubes and arranged to 
interlock. 

Sections of natural draught and _ forced 
draught steel shell towers are shown in Figs. 
48 and 49 respectively. 

ExampLe. A natural draught cooling tower 
is required to cool 100,000 gal. of water per 


85 per cent saturated with water vapour, the 
pressure of vapour in the air = 0:85 x 0:4357 
= 0°3704 in. (Dalton’s law). 
.. Pressure of the dry air = 30 — 0°3704 
= 29'6296 in. Hg. 
If ZT = absolute temperature of air ° F. 
ie: = absolute pressure of air lb.-sq. ft. 


Volume per pound of dry air 

= volume of vapour per pound of air 
RT _53°2 X (460 + 55) 
PT TASC O40) 29020058 


13°10 cub. ft. 


Now the volume of the molecular weight of 
any gas or vapour at standard temperature and 
pressure is constant, and if the molecular weight 
is expressed in pounds, the molecular volume 
is 357 cub. ft. 

The molecular weight of water vapour is 18, 
so that 18 lb. at a pressure of 30 in. of mercury, 
and a temperature of 32° F. occupy 357 cub. ft. 
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Weight of rcub. ft. of vapour at 55° F. 
and a pressure of 0-3704 in. Hg. 


18 0°3704 460 + 32 
Mier ey weae ch 460 + 55 
= 0:000595 lb. 


.. Weight of vapour per pound of air 
= 0000595 X 13°10 = 0:0078 lb. 


Fic. 47. INTERIOR. 


If Kp = specific heat of air = 0-238 
°F. = temperature of air and its associ- 
ated vapour entering tower 
IL =latent heat of vapour at tempera- 
ture ¢° F. = 1114 — 0:72. 


Then heat carried into tower by the air Bi The .s 
= Kp(t— 32) = 0:238(55-32) = 5°47. 
and heat carried into tower by the vapour 
= 0:0078 {t — 32) + L} 
= 0°0078 {55 — 32 + I1I4—0'7 X 55} = = 8-57 
Total heat carried into tower per pound 
of air and its associated vapour = 14°04 
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Air Leaving Tower. Assume that the air 
leaves the tower at a temperature 10° F. lower 
than that at which the water enters, = 90 — 10 
= 80° F., and its relative humidity is increased 
to go per cent. 


Pressure of dry saturated vapour 


at 80° F. (steam tables) == E020 niles 


SHOWING ACTION oF Rotary DISTRIBUTOR AND FILLING 


Pressure of vapour in the air = 
0-9 X I-v29 = 


= 29°0739 in. 


0-9261 in. 

Pressure of dry air = 30 —0:9261 
Volume per pound of dry air 

= volume of vapour per pound of air 

53'2 X (460 + 8o) 


144 X.0°49 X 29:0739 
Weight of 1 cub. ft. of vapour at 80° F. and a pressure 


14:00 cub. ft. 


; ts 0:9261 460 + 32 
of o-9261 in. Hg. ar x a0 x (Bt# 7 9) 
= 0:001412 lb. 


*, weight of vapour per pound of air 
= 14:00 % 0-001412 = 0:0197 lb. 
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Heat carried away from tower by the air BThUes 


= 0:238(80 — 32) == ir42 
Heat carried away from tower by the vapour 
= 0:01977 {80 — 32 + I1114-—°7 X 8o} 
e280 


.. total heat carried away from tower per 
pound of air and its associated vapour = 33:28 


Weight of Air Required. Total heat to be 
absorbed by the air in flowing through the 
tower 


= weight of water cooled per hour x tem- 
perature drop 

= 100,000 X I0 X (go — 65) = 
B.Th.U.’s per hour. 


25,000,000 
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outside, and consequently the pressure exerted 
at the base by the air inside, is correspon- 
dingly less than the pressure exerted by an 
equal column of atmospheric air. This pressure 
difference is termed draught, and being small, is 
usually expressed in inches of water. 


Weight of 1 cub. ft. of air outside the 


I 
tower = —— — 


Heat absorbed per pound of air 
go 14-04) == 10:24 B.1h.U.’s 


aD 0:07633 lb. 
Weight of 1 cub. ft. of vapour out- 
side the tower = 0:000595 lb. 
*, weight of rcub. ft. of air and 
associated vapour = 0:076925 lb. 
Fic. 50. SPRAY CooLInG POND 
Weight of tcub. ft. of air leaving 
the tower = 2 = 0:07143 lb. 


*, total weight of air required per hour 


25,000,000 
e192, = 1,300,000 Ib. 
Increase in weight of vapour per pound of 
air in flowing through tower 

= 0:01977 — 0:00780 
= 001197 lb. 

*, weight of cooling water vaporized 
= 1,300,000 X 0-:0I1Q97 
= 15,561 lb. per hour 
== 1-50 per cent. 


Draught. Assume that the height of the 
tower is 100 ft., and the length of the chimney 
portion is two-thirds of the total height = 
# X.I00 = 65 ft. say. 

The temperature of the air inside the tower 
is greater than that of the atmospheric air 

73—(5462) 


14°00 

Weight of 1 cub. ft. of vapour leav- 
ing the tower = 

“. weight of r1cub.ft. of air and 
associated vapour = 


o-o0r4i2 |b. 
0:072842 Ib. 
The weight of i cub. ft, of air and vapour 


inside the tower may be taken as the mean of 
that entering and leaving 


= 0:076925 + 0:072842 


2 
= 0:074883 lb. 
*. difference in weight per cub. ft. 
= 0:076925 — 0:074883 = 0:002042 lb. 
12 
62:4 


Draught = 65 X 0:002042 X 


= 0:0255 in. of water. 
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Let p = draught in pound per square foot. 
V =volume of r lb. of air outside tower 
v = velocity of air in chimney, ft.-sec. 
C = coefficient of velocity of air = 0-65 
for natural draught towers. 
Then 
v = CV 2epV 


= 65/2 X 32:2 X 0:002042 X 65 X I3:T0 
= 6-88 1. persec: 
*. cross-sectional area of chimney 
Ib. of air per hour x volume per lb. air 
3600 x velocity of air in feet per sec. 


1,300,000 X I3°I ae 687 sq. ft. 


3600 x 6:88 
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temperature being thereby lowered. With a 
slight breeze, air circulation is increased, and a 
higher degree of cooling obtained. It is evident 
that the greater the area of the pond, the 
greater will be the degree of cooling, and while 
depth does not affect the rate of cooling, it is 
advantageous, because the deeper the pond, the 
cooler will be the supply of water drawn from 
the bottom and returned to the condenser. 
Where a large surface is not available, the 
water is distributed over the pond through pipes 
and through nozzles, falling to the pond surface 
as a fine spray (Fig. 50). This facilitates 
evaporation as the water is atomized, but in 
addition to the loss due to vaporization, a 


Fic. 51 


(B) Low pressure multi-spray nozzle. 


(A) Spray nozzle. 


Dimensions of chimney portion 
65 it. x 20 it. < 20 ity says 
Assuming that the filling material occupies 
50 per cent of base of the tower, then 
dimensions of base = 35 ft. x 52 ft. x 26 ft. 


Spray Ponds. The oldest form of cooling 
device is the open pond into which warm water 
discharged from the condenser is cooled, partly 
by the atmosphere in contact with the surface 
of the pond (radiation and conduction), but 
chiefly by evaporation. Air under normal atmo- 
spheric conditions is seldom saturated, and as 
it passes over the pond, it becomes saturated 
consequent on its rise in temperature, and 
corresponding greater vapour absorbing capa- 
city. The vapour absorbed by the air is 
obtained from the water in the pond, the water 


(C) Impingement type of spray nozzle. 


considerable percentage is carried away in 
suspension in the air, especially when high 
winds prevail. The pumping power required is 
low, the head of water on the nozzles being 
usually about 20 ft. 

Spray nozzles of the centrifugal and impinge- 
ment types are shown in Fig. 51. They are 
made of gun-metal and «screwed on the distri- 
buting pipes at suitable intervals. 

Type A has special vanes fixed on the nozzle 
spindle. These vanes cause rotation of the 
water which is atomized by centrifugal action. 
The multi-spray type B consists of one nozzle 
within another, the double spiral arrangement 
producing two distinct sprays. With the third 
type C, atomization of the water is brought 
about by the impingement together of pairs of 
plain jets. 


(CONCLUSION) 
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By W. ARNoLD GREEN, M.A., BSc., A.M.Inst.C.E., M.I.Struct.E. 


LESSON IV 
STRUCTURAL STEEL— (contd.) 


Rivet Pitch in Girder Flanges. The required 
pitch of the rivets at any point depends on the 
shear. 

If in the two plated joists discussed in the 
last lesson, the maximum end shear is 50 tons, 


Fic. 21 


the shear stress on the 13 in. width between the 
joists and the plate equals Sx A xa~+tx 
I, where the symbols have the meaning assigned 
to them on page 824, Lesson I. “ 

The shear per inch run is thus S x A xX a + 
I =50 X 16 x $ Xx Io} + 3654 = I-12 tons 
per rin. At 5 tons per sq.in. the value of 
two jin. rivets was shown on page g16, Lesson 
II, to be 6-0r tons—the required pitch is thus 
6-01 + 1-12 = 5:36 in., say, 5 in. pitch. 

In fastening the plates to one, two, or three 
joists the usual arrangement of rivets is as 
shown in Fig. 2r. 

In the net section one rivet hole is omitted 
from each flange of each joist. In the com- 
pression flange, if the rivets completely fill the 
holes as they should, it is reasonable to deduct 
nothing for holes, but for simplicity it is usual 
to calculate on the assumption that the girder 
is symmetrical about a central horizontal axis, 
so that the stress in the compression flange is 
less than the stress assumed. 

Plate Girders. Calculations for plate girders 
of built-up sections are sometimes made by the 
section modulus method explained above, but 
where different working stresses are specified for 
tension and compression the top and bottom 
flanges may be of different section. 

The total load on each flange at any point 
is taken as the bending moment divided by the 
distance between the centroid of each flange, in 


the area of which it is usual to include one- 
eighth of the area of the web, provided that the 
cover plates at the web joints are of sufficient 
area and have enough rivets to transmit across 
the joint that portion of the flange load which 
the web is assumed to carry. 

It is usually sufficiently accurate to assume a 
constant distance between the centroids of the 
flanges, so that the bending moment diagram 
to another scale will be the required diagram of 
flange area of which the flange angles or sections 
connected directly to the web should form a 
large proportion of the whole area. 

The calculation for the rivets required for con- 
necting the flange plates to the angles can be made 
as for compound girders, but the pitch is usually 
made the same as that required for connecting 
the web to the angles. B.E.S.A., No. 153, 
specifies that enough rivets must be provided 
at the end of the plates to transmit the whole 
of the load they are assumed to carry, half of 
which must be placed beyond the theoretical 
stopping off points. 

If, to connect the web to the angles, a single 
line of rivets is used each of value R tons at 
pitch # inches, and the total horizontal shear 


coexisting with a vertical shear V is transmitted 
by these rivets from the web to the flange then 
for equilibrium to be maintained, R x d= 
V x p, where d is the vertical distance in 
inches between the rivets in each flange. (See 
Fig. 22.) 

If one-eighth of the web area acts with the 
flanges, the stress in that portion is not 
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transmitted from the web by rivets, so that the 
value of V in the above formula may be reduced 
in the ratio of the flange area to the sum of the 
flange area and one-eighth of the web area. 

In addition to transmitting the horizontal 
shear, these rivets have to transmit to the 
girder the load bearing on the top flange. 

If, in the last formula, # equals 12 in., R will 
equal the tons per foot run to be transmitted 
horizontally by the rivets. This must be com- 
bined with the tons per foot run (say W) trans- 


Fic. 23. SINGLE WEB PLATE GIRDER 


mitted vertically, so that the total load per foot 
run is +/R2 1 W2. Twelve times the value of 
one rivet divided by this value gives the 
required pitch of the rivets in inches. 

The half-tone blocks, Figs. 23 and 24, are 
from photographs kindly lent by Messrs. 
Dorman, Long & Co., Ltd. They show two 
heavy plate girders in their shops, one with a 
single web and the other with three webs. The 
stopping of the flange plates and the stiffeners 
fitting between the flange angles are clearly 
shown. 

Impact. In ordinary building construction 
the loads coming on the floors are assumed 
equivalent to dead loads, which are added to 
the permanent weight of the structure itself, 
including floor finishes, walls, etc. Except in 
special cases, these dead loads may be taken as 
including an allowance for the impact effect due, 
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e.g. to movement of people, the sudden dropping 
of a bale, or the vibration of machinery. 

For girders carrying rolling loads, such as 
travelling cranes, traction engines, trams or 
railway trains, the effect produced on various 
parts of the structure is obviously greater 
than stationary loads would produce. This 
increased effect is sometimes allowed for by 
specifying different working stresses in various 
parts of the structure, varying with the sort of 
loading and the span of the girder. 

When a train crosses a railway bridge, the 
unbalanced driving wheels of the engine, the 
unevenness of the track or wheel tyres, the 
swaying from side to side, the quickness of 
application of the load, and the deflection of 
the girders directly under the wheels, all contri- 
bute to the extra stresses in the structure. 

Many formulae have been devised in an 
attempt to estimate the probable increased 
effect of the rolling load due to impact; e.g. 
the late Mr. C. C. Schneider’s impact coefficient 


is ee where L is the length (in feet) of 
loaded track producing the maximum stress in 
the member considered. The equivalent dead 
load in the member contributed by the rolling 
load is the load produced by the rolling load as 
if stationary, in the position producing the maxi- 
mum effect, multiplied by -1 + the impact 
coefficient. 

Mr. J. A. L. Waddell’s coefficient is 165 + 
(150 + nL) for railway bridges and 100 — 
(200 + nL) for highway bridges where m is the 
number of tracks carried by the railway bridge, 
or the total width of the bridge (in ft.) divided 
by 20 for highway bridges. 

The tentative value of the coefficient given 
in B.E.S.A., No. 153, is 120 + [90 + (+ 1) 
L/2], where ” is the number of tracks the 
member is designed to support or assist in 
supporting. ; 

The value of L for the rail bearers is to be 
taken as their effective span and for a cross 
girder twice this amount, ie. the distance 
between the cross girder centres on each side of 
the member in question. The value of the 
coefficient is to be limited to 1-15, and may be 
reduced for varying spans and speeds. 

For road bridges, the impact coefficient is 
two-thirds the above, where m is the number of 
lines of traffic carried by the member con- 
sidered. The American Railway Engineering 
Association from a series of tests has devised 
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the impact coefficient 1 + (1 + L?/20,000) 
where L is the span in feet of the bridge or rail 
bearers, or the length of two panels of a bridge 
for the cross girders. 

Fatigue. If the stress in a bar of steel 
alternates between zero and a maximum, it 
will fail under repeated applications of the load 
if the maximum stress exceeds about half the 
load that would break it in one application. If 
the alternation is from a tension to a compres- 
sion of the same value, the bar will fail if the 
stress exceeds about one-third of the ultimate 
stress. 

Ii the calculated maximum and minimum 
stresses are those due to bending of the speci- 
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Physical Laboratory, it has been found that the 
pressure in lb. per sq. ft. on a surface normal to 
the direction of the wind equals approximately 
the square of the velocity of the wind in miles 
per hour multiplied by 0-0032. As 100 miles 
per hour is regarded as the velocity of the wind 
in a violent hurricane, a pressure of more than 
30 lb. per sq. ft. except in very exposed posi- 
tions need rarely be allowed for in this country. 
In sheltered positions, a considerably less pres- 
sure may be expected. 

On surfaces, such as roof slopes oblique to 
the direction of the wind, usually taken as hori- 
zontal, only the normal pressure is considered. 
This is greater than the normal component of 
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men, the endurance limit (that is, the largest 
stress that will not cause failure by any number 
of repeated applications) is higher than for 
direct stresses. With the stresses normally used 
in structural steelwork there should be no 
danger of failure by fatigue, as this phenomenon 
is termed. 

For members subject to reversal of stresses it 
is usual, however, to design their connections 
for the larger load plus a proportion of the 
smaller. B.E.S.A., No. 153, requires the mem- 
ber itself to have a gross area for the larger 
stress plus half the gross area required for the 
smaller. ; 

Wind. From experiments at the National 


the horizontal pressure on a vertical surface 
and may be taken from Duchemin’s formula, 
as equal to the horizontal pressure on a vertical 


r ieee _ 2sing h eas 
surface multiplied by Ta neg Where sin 6 is 


the ratio of the rise to the length of slope. 

Wind also exerts a suction on the leeward 
side, taken in the Belgian standard specifica- 
tion as an uplift of -7 of the standard pressure 
(much smaller than that given by Duchemin’s 
formula) on roofs resting on walls. 

The treatment for wind on steel frame 
buildings and bridges is discussed in the next 
lesson. 
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MACHINE TOOLS 


By JosepH G. Horner, A.M.I.MEcu.E. 


LESSON XVIII 
MILLING MACHINES—(conid.) 


A mucuH modified design of machine built on 
the Lincoln model is the automatic milling 
machine, Fig. 126, by the Brown & Sharpe 


| 
| 
| 


Fic. 126. Mopirrep LINCOLN TYPE oF 
MILLING MACHINE 


Mfg. Co., of Providence, Rhode Island, U.S.A. 
It is a modern design, differing from the older 
forms in having a constant speed drive, which 
permits of effecting changes for spindle and 
table, independently of each other, with a wide 
range of table feeds for any spindle speed, and 
vice versa. The single pulley drives through a 
friction clutch, which, when stopped, operates 
a brake to stop the machine instantly. A 
motor can be substituted for the belt pulley. 
The leading features of this machine are as 
follows: The friction clutch pulley runs on 
ball bearings at 350 r.p.m. Twelve changes of 


spindle speeds are obtained in geometrical pro- 
gression with gears, from 22 to 180 r.p.m. It 
is driven (Fig. 127) through a silent chain, 
sprockets and spur gearing. The spindle has a 
vertical adjustment of 15 in. The table has a 
working surface of 52 in. by 124 in. surrounded 


Fic. 127. SPINDLE DRIVE OF PREVIOUS 
MACHINE 


with an oil pan. It has.a transverse adjust- 
ment of 54+ in. and a longitudinal feed of 
34in., with 18 changes through gears, and 
independent of spindle speeds. The changes 
range from -38 in. to 24:54 in. per minute, the 
range for small mills is -o02 in. to +136 in. per 
revolution of spindle, for large mills from 
‘017 in. to I-II5 in. per revolution of spindle. 
A fast travel between cuts of 210 in. per minute 
is provided. The movements are controlled by 
hand with levers in front of the saddle, or auto- 
matically with dogs on the front of the table. 
The method of driving is outlined in Fig. 127, 
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the outlines of which may be compared with 
the photograph. The drive commences with 
the shaft A, actuated by the driving pulley, and 
friction clutch at 350 r.p.m. This drives shaft 
B through spur gears, on which are mounted 
automatically-operated friction clutches that 
provide for the starting, stopping, and reversal 
of the spindle. Power is delivered to the 
spindle with a silent chain, the course of which 
is outlined in Fig. 127, from a sprocket mounted 
on a sleeve running loosely on the shaft A, and 
driven from shaft B by the Caer apie 
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53 teeth keyed on the spindle, so applying power 
close to the spindle nose. The hollow spindle 
and the details of its fitting will be noticed. 
There are a number of fixtures and attachments 
provided for the machine to extend its utilities 
by the employment of two spindles for horizontal, 
or face milling. 

The Duplex Machine. The latest addition to 
the Brown & Sharpe designs is the automatic 
duplex machine (Fig. 129) having two head- 
stocks, and two opposed spindles, which permits 
of the use of two horizontal cutters or two face 
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Fic. 128. DETAILS OF SPINDLE ARRANGEMENTS 


operated friction clutches. Shaft C carries the 
cams that control the automatic operation of 
the stopping, starting, and reversing friction 
clutches, the shaft C being driven from B with 
spur gears, and their operation is controlled by 
the hand levers, and table dogs mentioned. 
-The chain runs over the adjustable sprocket D 
at the top of the column over a pair of idlers 
to the spindle driving sprocket E, shown in 
Fig. 128. The sprocket D is adjusted from the 
outside of the machine to maintain the proper 
tension on the chain. 

The section through the spindle head, 
Fig. 128, shows the sprocket E in Fig. 127 
driven with the chain, keyed to a sleeve. One 
of the spindle change gears is attached to the 
other end of the sleeve, and meshes with a 
second change gear on a second shaft, on which 
a pinion of 16 teeth, cut solidly, drives a wheel of 


mills working simultaneously. Capacities are 
nearly the same as those of the previous 
example. It takes 10 h.p. to drive at its 
maximum capacity, against 74 h.p. for the other. 
A single pulley is driven at a constant speed of 
3501r.p.m. The table is the same size, and has 
the same longitudinal feed. The spindle speeds 
are the same, also the feeds, and their controls. 
The main spindle runs left hand only, the out- 
side spindle runs in either direction, or stops. 
The outside head has a cross adjustment of 
3 in. 
: The ratio of the time occupied in work setting 
to that of tooling is lessened by the utilization 
of the table feeds available with this machine, 
which are full automatic, part automatic, and 
intermittent. The first requires the use of a 
fixture at each end of the table, the work in 
one being tooled while the other is being 
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loaded. The cycle is repeated automatically, 
the table advances at the fast rate of travel to 
the cutting position, cuts, reverses, advances at 
the fast travel to the cutting position for the 
fixture at the opposite end, and cuts while work 
is being replaced in the first. In a part auto- 
matic cycle, a single fixture being used, the work 
is loaded, the fast table travel engaged, cuts, and 
returns at fast travel and stops for reloading. 
Or, a swivelling fixture can be used, one station 
being loaded while work on the other is being 
cut. The intermittent cycle can be used when 


Fic. 129. DuUPLEX-HEAD MACHINE 


two or more fixtures are set in line, having 
varying amounts of cutting feed, and fast 
travel jumps between. 

The Pillar and Knee Design. This was the 
first attempt, realized by Brown & Sharpe in 
1861, to include universal functions, meaning 
by that the cutting of spirals (helices) for which 
division or indexing is combined with angular 
settings of the work. Only that of a very light 
character was contemplated, and so the first 
machines had no overhanging arm to support 
the outer end of the cutter arbor, and no bracing 
to the knee. The headstock was simply a lathe 
type with a stepped belt cone, from the spindle 
of which the work speeds were derived also 
through belt cones. 

In this design, the cutter arbor is continuous 
with the headstock spindle, and remains at a 
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uniform height, so that vertical adjustments 
for depths of work have to be made with the 
knee. This, and the overhang of the arbor, are 
elements of weakness, which are corrected in all 
present-day machines. The arbor is supported 
at the outer end, and frequently at an inter- 
mediate position. The knee and arm are 
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Fic. 130. PLrain MILLER witH AUTOMATIC 
CONTROL 


braced together and the knee frequently to the 
base. A boxed section of knee is generally 
substituted for the older open front design.- In 
place of belted speeds and feeds, geared changes 
are now common, and feeds are independent of 
speeds, instead of being.derived from them, 
with incongruous results, when using small and 
large cutters. And with the great increase in 
the weight of tables, geared feeds became 
imperative to avoid the slip that is liable to 
occur with belts. Primarily and chiefly these 
machines use horizontal edge cutters, but face 
cutters are also employed, the outer support 
then not being used. 

Fig. 130 illustrates the latest design of this 
type of machine by Brown & Sharpe, with full 
automatic control, and the only machine in 
which the spindle is made to reverse, which 
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permits of the use of a right- and left-hand 
rotary cutter on the same arbor, making possible 
the mounting of a fixture at either end of the 
table, so reducing the non-cutting time. The 
movements of the spindle are controlled auto- 
matically, and also those of the table, the latter 
including a variable cutting feed, a constant 
fast travel, reverse, and stop. A_ special 
feature too is the automatic lubrication. A 
tank is located in the base whence the lubricant 
is pumped to an oil reservoir at the top of the 
column. Thence it is supplied to all bearings 
within the column. A similar unit supplies the 
table feed. Another, reservoir and pump is 
supplied for cutter cooling, feeding through two 
nozzles. In many respects the mechanism 
_ resembles that in the previous machines. A 
single pulley belt driven makes 300 r.p.m., and 
requires 5 h.p. at the maximum capacity, for 
which a motor can be substituted. Sixteen 
’ speed changes are provided for, from 28 to 
695 r.p.m. The table has 12 speeds from 
I-37 in. to 18-38 in. per minute. The range for 
small mills is from -o02 in. to -050 in. per 
revolution of spindle, that for large mills is 
-026 in. to -656 in. per revolution of spindle. 
Plain and Universal Machines. The plain 
machines, of which Fig. 130 is representative, 
are also termed manufacturing machines, be- 
cause they are generally of more robust build 
for simple operations than the universals, and 
_the table does not swivel. The universal 
differs from the other in having a saddle that 
swivels in a horizontal plane on a bed with 
veed edges, which slides on top of the knee. 
The table is fed with a screw of definite pitch, 
and carries a dividing head and a footstock. 
Work can be chucked on the head alone, or 
carried between the head, and footstocks. The 
head indexes and rotates the work, the swivel 
saddle sets it to any angle. The index plate 
gives circles of holes for dividing, change gears 
provide variable rates of spiral movements up 
to 45°, worm gears and change gears related to 
the pitch of the table feed screw give rates of 
rotation to the spindle and the work it carries. 
Heads have vertical angular movements from 
10° below the horizontal, to 10° over the verti- 
cal, so providing angular settings for work in 
the headstock. The tailstock has a_ slight 
vertical range of angular adjustment and a 
vertical movement, which is used for tapered 
tapsandreamers. By means of this mechanism, 
the teeth of all kinds of gear wheels can be 
form-cut, all kinds of milling cutters with 
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straight or spiral teeth, and all helices up to the 
range of the table feed. 

A good many plain machines are fitted with 
index centres which have no provision for 
setting to vertical angles, and no change gears. 
They have circles of holes drilled on a plate, and 
an index peg. They are useful for straight milling 
which includes a multitude of articles and tools. 

The universal head in its essentials is not very 
different in any machines. The worm wheel 
has 40 teeth, and the worm is single threaded, 
so that 40 turns of a crank handle are required 
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to rotate the spindle through one complete 
revolution. The number of turns of the crank 
to correspond with a fractional part of a revolu- 
tion is got by dividing 40 by the number of 
fractional divisions desired. To turn the crank 
by a definite amount, the indexing plate is used 
which has different numbers of holes arranged 
in circles. A spring peg entered in a hole locks 
the crank. Change gears rotate the spindle 
slowly from the feed screw, through spiral 
gears, spur gears, and the worm and wheel. 
The ratios between the screw and the worm 
shaft are usually equal. Then 40 turns of the 
worm shaft are required for each revolution of 
the spindle, and the feed screw will make 40 
turns. It has 4 threads per inch, so that the 
movement of the table will be 40 ~ 4 = Io, 
termed the lead of the spiral, and the lead of the 
machine. Fig. 131 shows the universal head and 
tailstock on a Cincinnati machine, with the teeth 
of a spiral gear being milled with a form cutter. 
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By JoserH G. Horner, A.M.I.MeEcu.E. 


LESSON IV 
VERNIER INSTRUMENTS 


THE range of utility of the vernier caliper is 
larger than that of the micrometer. The 
principle is, that a subdivision of the graduated 
rule is minutely subdivided by the movable 
vernier. The divisions vary. Generally, 1 in. 
on the rule is graduated into fortieths, each 
tenth being numbered. Twenty-four of these 
parts are on the vernier, subdivided into 25 
parts—Fig. 23. Each space on the vernier is 
therefore shorter than one on the rule 

by 3 of -, or zh) in. A metric 
vernier reads to <4 mm. 


qv, and ;44,, the arrow indicating the coincidence 
of lines on vernier and beam = 1-435 in. 

These calipers are made in several useful 
modifications. In some of these, the vernier 
is combined with the micrometer caliper to take 
readings in ten-thousandths of an inch. The 
vernier has ten divisions on the body which 
occupy the same space as nine divisions round 
the thimble. The difference between the width 
of a space on each is, therefore, one-tenth of a 
space on the thimble. The reading is identical 
with that just now noted. When the thimble is 


Construction of the Caliper. One of 


these is shown in Fig. 24, made in sizes 
from 4 to 48in. An abutment block is 
clamped to the beam, anda milled-head 
screw which it carries provides for fine 
adjustments of the movable jaw that 
carries the vernier. Though the range 
of vernier readings is only about }in., 
the major graduations on the beam 
afford extended lengths. To read a fine 
dimension, since each of the - subdivisions 
on the vernier is less by z/)5 in. than the 
main graduations on the beam, every move- 
ment of the vernier away from the zero 
lines will represent as many thousandths, 
as yao aaa andsoon. This will increase by 
thousandths until the line 25 on the vernier 
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Fic, 23. THE VERNIER SCALE 


coincides with the line 24 on the beam. To 
take a reading, note how many inches and tenths 
(0-100) and fortieths (0-025) the o mark on 
the vernier is from the o mark on the beam, 
then note the number of divisions on the vernier 
from o to a line which coincides with a line on 
the beam. In Fig. 25 the reading is rin., +4, 
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' Fic. 24. VERNIER CALIPER 


turned, the thousandths from zero are read, and 
the first line on the body that coincides vote a 
line on the thimble. If the first line, add 
if the second, ;¢%y, and so on. 

The micrometer and vernier are both applied 
to depth gauges for fine jig and fixture work, 
and both, like other models, in English and in 
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Fic. 25. TAKING A VERNIER READING 


metric measures. A vernier height gauge is 
shown by Fig. 26. It is used in jig and die work 
to ascertain the height of projections rom a 
plane surface. The vernier reads to 7g), in., 

and the stem is graduated to read from o to 
ro in. inside of the jaws, and from 1 to Io in. 


outside. The illustration shows the-front side 
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of the bar (left), and the reverse side (right). 
On the front side when the jaws are closed, the 
zero lines on both stem and vernier plate will 
coincide, and the tool is used for outside measure- 
ments only. On the reverse side the movable 
jaw is drawn 
back to a point 
where the o lines 
of both stem and 
vernier plate co- 
incide. Then the 
distance from the 
bottom of the 
base to the top 
of the movable 
jaw equals rin., 
and the instru- 
ment is ready for 
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Fic. 26. VERNIER HEIGHT GAUGE 


inside measurements only. The extension 
clamped to the movable jaw is a scriber which 
permits measurements to be taken, and lines 
may be drawn, or lines can be spaced and drawn 
parallel, and over projections in die work, and 
for marking out. 

Measuring Machines. A rather large number 
of fine measuring machines are made, not for 
the common use of workmen in the shops, but 
in the tool room, and for the manufacture of 
instruments of precision. They are carried on 
a bed, and embody essentially the character- 
istic provisions of the first Whitworth machine 
(see page 1141), that is, an accurately cut screw 
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of fine pitch, subdivided with a rotating gradu- 
ated head, and having a gap between the end 
of the screw and the fixed abutment piece to 
receive the piece to be measured. 

It may seem rather incongruous, but it is a 
fact that the production of an accurate screw, 
and the mechanism of a divided head are less 
troublesome than the estimation of the degree 
of pressure between the measuring points and 
the work. It occurs, though not so obvious, 
in all calipers, hand and micrometric. It 
becomes necessary in high-class measuring 
machines, to provide means for indicating the 
exact degree of contact pressure which is 
admissible. A common device is a feeler plug 
that drops out between points when a certain 
pressure is reached, another is a spring-operated 
plunger working in unison with a scale and 
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' Fic. 27. NEWALL MEASURING MACHINE 


microscope, or a graduated glass tube contain- 
ing a coloured liquid, forced by the pressure of a 
diaphragm connected to the movable anvil, or 
a spirit level. 

The Newall machine, Fig. 27, is carried on a 
substantial bed, the surfaces of which are 
scraped and lapped to ensure alignment of the 
heads. The headstock gives readings to ;5a) 507 
in., the graduations being such that the indicated 
size can be read directly in decimals of an inch. 
The headstock for metric measurements gives 
readings to;,},, mm. The measuring screw has 
a thread of deep buttress form to give ample 
wearing surface. It has a range of Tin. or of 
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20mm. The measuring faces of the screw and 
nut are from twice to three times the length of 
the travel of the screw to delay wear, and pre- 
serve the accuracy of the pitch. The screw 
spindle runs in hardened steel bearings. An 
automatic adjustment maintains constant ten- 
sion on the contact of the measuring screw 
between the effective faces of the screw and nut. 
Rapid movement of the screw is produced with 
a knurled nut at the end of the spindle, which is 
used until sufficient pressure has been applied 
through the piece being measured to bring an 
indicator into motion. A fine adjustment screw 
gives a sensitive movement to the measuring 
screw. : 

The pitch of the measuring screw is sub- 
divided by the graduations round the measur- 
ing wheel seen at the right of Figs. 27 and 28, 
in combination with a scale and vernier, divided 
decimally. In Fig. 29 the method of reading 
is shown, giving 0:31254 in. obtained thus: the 
first digit 3 is the highest figure disclosed on 
the left-hand side of the scale that carries the 
vernier. The second and third digits, 1 and 2 
respectively, appear as the highest main gradua- 
tions opposite the vernier, the fourth digit 5 is 
the highest subdivision on the measuring wheel 
below the zero line on the vernier, and the 
fifth digit 4 is the graduation on the vernier 
that coincides with any graduation on the 


measuring wheel. As the pitch of the measuring 
screw for English dimensions is 20 threads per 
inch, it is necessary to add 0-05000 in. to the 
indicated size in all cases where the vernier may 
have passed the subdivision between any two 
main divisions on the scale that carries the 
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vernier. Thus, in Fig. 29, if the measuring 
wheel had been given one complete revolution 
outwards, the subdivision between digits 3 and 
4 on the scale would be disclosed, and the read- 
ing would be: 0:31254 + 0:05000 = 0:36254 in. 


Fic. 29. How to READ THE 
MEASURING MACHINE 


The tailstock, seen at the left of Figs. 27 and 
28, has.an auxiliary saddle behind it, with a fine 
screw connection to the tailstock to provide a 

very delicate move- 

ment for setting, 
either to zero, or to 

graduated lines on a 

rule. The mechanism 

for setting and test- 
ing is extremely deli- 
cate. For measure- 
ments up to I in. the 
anvil faces of head 
and tail stocks are 
brought into close 
proximity, about =‘; 
“in. apart, with the 
reading on the ver- 
nier approximately 
zero. But for dimen- 
sions over Iin., end 
measuring rods are 
supplied, or rules and a microscope. For 
lengths above rin. the length of measuring 
rod employed must be added to the reading 
obtained from the headstock. An indicator and 
a spirit-level on the tailstock, Fig. 28, show the 
(Continued on page 1160) 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy E. Rycrorr, M.B.E., M.1.E.E. 


LESSON IX 
AIR HEATERS 


THE utilization of preheated air in the boiler 
furnace as a means of still further improving 
combustion efficiency has considerably extended 
during recent years. 

Even in a well-arranged, steam-raising plant, 
comprising boiler, superheater, economizer, and 


for economizers, the prevailing conditions are 
usually so varied that no definite comparison 
can be laid down, and each case has to be 
determined on its merits. 

In many modern power installations for 
instance, it is now customary to “ bleed”’ the 
turbines at one or more of the steam stages 
and utilize this steam for raising the tempera- 
ture of the boiler feed water. This being so, 
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Fic. 56. GREEN’s RECTANGULAR TUBE AIR HEATER 
OvER A WATER-TUBE BOILER 


mechanical stoker, the temperature of the fur- 
nace gases entering the chimney base is rarely 
much below 400° F. 

It is obvious, therefore, that if a still further 
portion of this otherwise waste heat can be 
reclaimed, an improved efficiency must result. 

As a rough basis of calculation, it may be 
assumed that the overall efficiency of a steam 
plant can be increased by about 3 per cent if 
air heaters are added to a plant in addition to 
economizers. 

Where air heaters are installed as a substitute 


it will be seen that as the boiler feed under 
such conditions can be supplied direct to the 
boiler at or near boiling point a very large 
economizer heating surface would be required 
for any appreciable amount of additional heat 
to be imparted from the flue gases. Under 
such conditions the benefit to be derived from 
an economizer would probably not warrant the 
capital expenditure involved, and an air heater 
might be installed in its place. 

On the other hand, the installation of an air 
heater involves the utilization of forced draught 
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at all times if the heated air is to be effectively 
used, and the question of the amount of power 
absorbed by fans and other auxiliaries in this 
connection has, therefore, to be taken into 
consideration when comparing relative costs. 
This would apply more especially where the 
installation is such that during certain periods 
of the day—but for the necessity of utilizing 
the hot air—it could normally be run quite 
efficiently under natural draught conditions. 

It is particularly important to remember 
that the modern steam-raising plant has to be 
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considered as a whole, and that no one part, 
such as an economizer, superheater, or air 
heater, can be taken away from or added to an 
existing installation without entailing some 
modification to the other parts if a maximum 
efficiency is to be retained. If, for instance, 
an air heater is introduced into a design, then 
the economizer heating surface will probably 
be less than if an economizer is used alone. If, 
on the other hand, an air heater only is installed 
without an economizer, then the boiler heating 
surface may be increased for a given capacity, 
and so on. 

The effect of heated air on mechanical stokers 
and furnace linings limits the degree of tempera- 
ture which can be usefully and commercially 
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employed. Normally, 400° F. should be con- 
sidered as a maximum air temperature, while, 
for general running, about 250° F. is ample. 

The general function of an air heater is to 
transfer heat units from the flue gases to the 
incoming furnace air. 

The apparatus employed takes several forms, 
such as (a) a tubular construction, in which the 
flue gases pass through a number of tubes while 
the incoming air passes across the outside of 
them ; (8) cellular plate construction, in which 
the flue gases pass between alternate pairs of 
flat plates spaced a slight distance apart while 
the incoming air passes on either side; and 
(c) direct contact heaters in which groups of 
thin corrugated plates, by continuous mechani- 


Fic. 58. ARRANGEMENT oF “ Usco”’ Arr HEATER 


Fitted in the space between the rear wall of the boiler and the boiler - 
tubes, a compact setting whereby radiation losses are minimized 3 


cal movement, are alternately made to pass 
through the flow of the furnace gases and the 
incoming air, so that the heat absorbed from 
the former is given up to the latter. 

Tubular Air Heaters. The tubular air pre- 
heater—developed by Babcock & Wilcox, Ltd., 
and also by Messrs. Yarrow—is of. simple con- 
struction, consisting of a number of light gauge 
(No. 10 or less) tubes usually about 23 in. in 
diameter, expanded at either end into steel 
plates, the whole tube nest being enclosed in 
steel casing. The flue gases pass through the 
tubes on their way to the chimney, while the 
incoming furnace air passes over the outside of 
them. 

Baffles are arranged within the ‘casings so 
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that the incoming air makes two or more passes 
across the tubes before entering the furnace air 
ducts. Any soot deposit is readily removed by 
blowing superheated steam through the tubes 
from time to time. 

The Green’s tubular air heater, Fig. 56, is of 
rectangular section, and is constructed of cast 
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The Usco Air Heater. The “ Usco’’ appara- 
tus is of the plate type, built up from thin 
metallic sheets by means of which the gas and 
air streams are divided up into very thin alter- 
nate films separated by the very thin metal 
plates. The gas and air inlets are arranged on 
the contra-flow principle, the air to be heated 


eh 


© . 


See SS SS 


we 


BSStARRS SSRIS SELES 
3 i 
} 
zs 
| 
a 
¥ 


= 
=o 


ney 


De eaee 
| 


BAFFLES 
GAS INLET 
— 


AIR 

SEALS, 
wat 
Hy a 
it AIR INLET 
iat << 


T BLOWER 


Ke 
| 
1h 


i 
i] 


i 
| | CHAIN MAT 
d 


———— 


Heli 1 
I | inSPECTION | 
ao DOOR 1 
q ! 
1 t 
0 = 


GAS OUTLET 
—_—— 


DETAILS OF 
ELEMENTS 


iit 
AIR INLET GAS OUTLET 
ee ee ee 
oe Saas ae 
BY PASS 
GAS INLET 


AIR ee a 


Fic. 59. THE PERRY AIR PREHEATER 


iron. It is built up from elements consisting 
of four rectangular tubes cast in one piece with 
connecting flanges at either end. The tubes 
are 2 ft. 6 in. long by 4 in. deep and 1 in. wide, 
and are spaced 1} in. apart. 

The incoming air passes through the tubes 
while the furnace gases transversely sweep 
across the outside. Both the gases and the 
air can be made to pass either straight through 
the heater or through sections of it in series, 
according to the volume which has to be dealt 
with and the degree of temperature required. 


meeting continually hotter surfaces as it passes 
through the apparatus. The gas passes through 
the heater in a perfectly straight path, while the 
air to be heated enters and leaves by an easy 
curve. The internal resistance of the apparatus 
is low and, to avoid all possibility of leakage 
between the air and gas passages, all joints used 
in the construction of an element are welded. 
The general construction of the heater will be 
apparent from Figs. 57 and 58. All surfaces are 
readily accessible for cleaning either by means 
of a brush or steam operated lance. 
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The Howden Ljungstrém. The Howden 
Ljungstrém air preheater has a number of 
special features, and is a self-contained unit of 
particularly small dimensions. 

It consists of a main rotor carrying heat 
transferring elements enclosed in steel casings, 
with which are combined induced and forced 
draught fans. 

The flue gases enter at the underside of a 
cylindrical steel casing, pass through the rota- 
ting elements, and discharge to the chimney 
above. 

The cylindrical casing is divided vertically by 
a central partition, so arranged above and below 
the rotor as to prevent leakage of the flue gases 
into the incoming air. 

The cold air enters at the upper end of 
the cylindrical casing, and passes downwards 
through the rotor into the furnace air ducts 
below. 

The induced draught fan on the chimney side 
and the forced draught fan on that of the 
incoming air are driven from a common shaft, 
and it will be noted that the flue gas and the 
air pass through the rotating elements in 
opposite directions, so that a contra-flow effect 
and high efficiency of heat transmission is 
obtained. 

The rotor, which is built up of welded steel 
plates, revolves at a speed of about 6 rev. per 
minute, and carries the heat transferring 
elements. 

These are made up from corrugated steel 
sheets =4 in. thick, placed between flat sheets 
of similar thickness packed together in such a 
way as to form a large number of small vertical 
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and triangular passages, and provide a large and 
effective heating surface. 

The Perry Air Heater. The Perry air heater 
is also arranged on the principle of direct con- 
tact, but differs from the preceding apparatus 
in the fact that a reciprocating action is adopted 
instead of a rotary one, and that two separate 
elements are employed. 

The elements are built up from very thin 
corrugated brass plates, and are suspended from 
a chain passing over a pulley. Motion is 
imparted to this pulley by an electric motor, 
and an automatic reversing mechanism comes 
into action when the elements reach the limit 
of their upward or downward travel. 

The elements pass alternately through the 
path of the flue gases and that of the incoming 
air, and a high rate of heat transference is 
claimed. Special precautions are taken against 
the infiltration of gas into the air space and 
vice versa by the provision of metallic brushes 
between the elements and the openings in the 
casings through which they pass. 

From the illustration, it will be noted that the 
two elements are enclosed in a steel casing, 
through which the air duct passes and round 
which the hot gases circulate, 

Where the flue gases enter they divide into 
two streams, one of which passes through 
the upper element and the other through the 
lower, both streams uniting again at the 
outlet. ; 

The air to be heated passes through the heater 
on the contra-flow principle and, as will be seen, 
must always pass through both elements on its 
way to the furnace. 
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(Continued from page 1156) 


degree of pressure on the anvil by a movement 
of the bubble, which magnifies that of the anvil 
about 4,000 times. The possibility of varied 
readings by different operators is eliminated, 
and changes due to temperatures are seen. The 


vee rests seen in Fig. 27 support end measuring 
rods. The machine is used for measuring and 
checking gauges, to detect alterations due to 
wear, for duplicating standards, and the possi- 
bility of personal error is practically eliminated. 
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STEAM TURBINES 


By W. J. Kearton, M.Enc., A.M.I.Mecu.E., A.M.Inst.N.A. 


LESSON IX 


REACTION STEAM TURBINE 
CONSTRUCTION 


PARSONS TURBINE 


General Description. Fig. 38 shows a longitu- 
dinal section through a modern two-cylinder 
tandem Parsons turbine suitable for high 
powers. The high pressure unit is a single- 
* flow turbine, and may be taken as an example 
of the normal Parsons turbine for low and 
moderate powers, with the exception that the 
number of stages in a single cylinder high 
pressure turbine would be considerably greater 
than that in the high pressure unit of the 
tandem machine. The low pressure unit is a 
double-flow machine. 

Live steam, after passing through the governor 
valve, enters the steam belt by the branch A. 
It flows to the right through the complete blade 
system of the high pressure turbine, and enters 
the low pressure turbine by the receiver connec- 
tions B, one of these being placed at each side 
of the turbine. On entering the low pressure 
turbine the steam divides into two approxi- 
mately equal amounts, one half flowing to the 
left, and the other half flowing to the right, 
the exhaust steam then entering the under- 
slung condenser by way of the exhaust branches 
C and D. By the use of a double-flow low 
pressure turbine, the weight of steam passing 
through the turbine per second may be doubled. 
Hence, the maximum power that may be 
developed by the machine is twice that of a 
single-flow machine operating under the same 
conditions as regards peripheral velocity, rota- 
tional speed, and vacuum. 

It is usual in Parsons turbines, to divide the 
whole of the blading into groups, or “ expan- 
sions,’ as they are called, of equal height. In 
the small diameter high pressure sections, an 
expansion may comprise several rows of blades, 
while in the large diameter low pressure sections 
an expansion may only have one ring of fixed 
and one ring of moving blades. In the example 
shown in Fig. 38, there are seven expansions in 
the high pressure turbine, and ten in the low 
pressure turbine. 

74—(5462) 


The high pressure turbine is made relatively 
small in diameter so as to diminish the loss 
by leakage caused by the pressure difference 
across each ring of blades, whether fixed or 
moving, and to minimize the risk of distortion 
due to temperature variation. In order to 
withstand the high temperatures satisfactorily 
(for reasons which have been explained in a pre- 
vious lesson), the steam end of the high pressure 
turbine is constructed of cast steel. The exhaust 
end of the high pressure turbine and the whole 
of the low pressure turbine casing are of cast iron. 

An alternative inlet branch for the steam is 
shown at F&. This is used for overloads, the 
steam then flowing directly into the second 
expansion of the blading. As the total area 
through the channels of the blades in the 
second expansion is greater than that through 
the blades of the first expansion, the total weight 
of steam which may flow through the turbine 
is automatically increased, and hence the total 
power developed is greater. 

The Rotor. In Parsons turbines, in which the 
peripheral velocity of the blades is relatively 
small, the rotor is frequently a forged steel 
drum shrunk on spiders or solid forged steel 
ends. In rotors of relatively small diameter 
and with higher peripheral speeds, the rotor is a 
solid forging as shown in Fig. 38. In low pres- 
sure rotors the solid rotor is lightened somewhat 
by turning off material as shown, so leaving 
heavy discs of great strength. 

In true impulse turbines the pressure in the 
blades is sensibly constant, and the only thrust 
on the rotor is that due to friction in the blade 
channels. This is usually of negligible amount. 
In reaction turbines, however, there is a con- 
siderable thrust due to steam pressure. Con- 
sider Fig. 39, which represents, in diagrammatic 
form, an expansion of a reaction turbine. With 
“half-degree’’ reaction, the pressure drops 
pi-bo po-bs Ps—ba - » » Pa—py will be 
approximately constant, provided the total 
pressure drop #; — fy is not very great. 

Let A =annular area of one blade ring, in 


sq. in. 
Let 2 =radial height of blades (in.). 
D,, = mean diameter of blade ring (in.). 


Then A =". Dy. 1. sq. in. 
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It follows that the axial force on each ring 
of moving blades will be equal to (f.— 5) A, 
and the total thrust will be 


4 (p2— ps3) A 
or 3 (p; — ps) A. 

In the turbine shown in Fig. 38, the axial 
thrust on the blades of the first three expansions 
of the high pressure turbine is more or less 
balanced by the “‘ dummy piston ” F, which has 
a diameter about equal to the mean diameter 
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in Fig. 40. The action of labyrinth packing 
has already been explained, and here we need 
only concern ourselves with details of construc- 
tion. The packing shown in Fig. 40 (a) is 
commonly used at the high pressure end of 
land and marine turbines. Rectangular grooves © 
are turned in both the rotor and cylinder. 
L-shaped packing strips are caulked into the 
cylinder grooves. The working faces of the 
packing strips are then ground up at a slow 
speed, after which the turbine is warmed up 


Indentation s. 
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of these expansions. A second dummy piston 
G balances the thrust on the blades of the last 
four expansions. The steam pressures on the 
balance pistons are made equal to those at out- 
let from the third and seventh expansions 
respectively, by means of the two pressure- 
equalizing pipes which are clearly shown in 
the illustration. 

The steam thrusts on the two sets of low 
pressure blading are, of course, mutually 
balanced, and no dummy piston is necessary. 

Leakage of steam past the dummy pistons is 
minimized by the use of labyrinth packing. 
Three designs of such packing are illustrated 


(4, 


Serration> 


and the rotor set back to give a small clearance 
of from -or to -o2 in. j 

In low pressure astern marine turbines the 
differential expansion of the rotor and cylinder 
is too great to permit of the use of this kind of 
packing, and the “ radial’’ packing shown in 
Fig. 40 (b) is adopted. Here the clearance is a 
radial one and cannot be adjusted. An im- 
proved form of packing is shown in Fig. 40 (c). 
This is a combined “ facial” and “ radial” 
packing and gives two throttlings for each 
packing strip. 

Drainage slots are provided in the packing 
strips at the bottom of the dummy cylinder. 


rd 


STEAM TURBINES 


These are staggered, as shown, so as to baffle 
leaking steam. 

In the turbine illustrated in Fig. 38, the 
axial position of the turbine rotor is determined 
by the single-collar pivoted-pad type adjusting 
block. The latter may be moved axially by 
two screwed rods which may be rotated through 
a worm gear by the hand-wheel LZ. The axial 
position of the low pressure rotor is fixed by 
the block K. Since the introduction of the 
Michell block, dummy balance pistons have 
frequently been omitted from marine geared 
turbines. 

Blades. The blades of most Parsons turbines 
are of brass, rolled to standard sections, to 
suit standard widths of grooves. At the high 
pressure end of the turbine, steel blades are used 
for superheated steam. Comparatively little 
machining is required to finish the blade ready 
for insertion in the rotor or cylinder. 

Various methods have been proposed and 
used from time to time, but those usually 
adopted in practice divide themselves into two 
classes, viz., the “segmental” and “‘ indivi- 
dual” methods. 

In the segmental method, the blades are 
fitted together in a jig, or “‘ former,” so as to 
form a segment of the complete blade ring prior 
to being caulked into the cylinder or rotor. 
The “ former ”’ consists of a cast-iron segment in 
which two grooves are turned of the same 
radius and depth as those in the cylinder and 
rotor respectively. A typical former is shown 
in Fig. 41 (a). A is the rotor groove and B 
the cylinder groove. Each groove is about 
0-005 in. less in width than the corresponding 
rotor or cylinder grooves. 

The blades are separated by standard distance 
pieces, and a segment is built up by threading 
distance pieces and blades alternately on a root 
wire and frequently caulking by means of a 
curved set D. When the complete segment has 
been formed, the blades are set radial by means 
of a square, and the ends bound together by 
means of a binding strip E which is inserted 
in a small recess machined at the inlet side of 
the blade and is silver soldered to the blades. 
When the segment is finished, it may be trans- 
ferred to either the turbine cylinder or rotor to 
which it is attached by radial caulking of the 
distance pieces. 

In the “individual” system, illustrated in 
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Fig. 41 (6), the root wire is dispensed with and, 
as the name implies, each blade is inserted 
separately. Each blade is indented at the root, 
in a press. Serrations are turned in the sides 
of the grooves, and the principle of the attach- 
ment is that by the caulking of the distance 
pieces, the blade is firmly held by the distance 
pieces and they, in turn, are firmly held by the 
serrations. With ordinarily -good workman- 
ship this method of blading produces a strong 
and reliable attachment. 

One of the greatest sources of loss in Parsons 
turbines is the steam leakage across the tips 


G 


Y 
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Fic. 42. PARSONS ‘‘ END-TIGHTENED ”’ 
BLADING 


of both the fixed and moving blades. This is 
especially the case at the high pressure end of 
the turbine, owing to the short blades, the 
relatively greater clearance, and the larger 
pressure drops. In recent years, a form of 
blading, known as “end-tightened”’ blading, 
has been introduced. This is illustrated in 
Fig. 42. Described briefly, a shrouding strip C 
attached to the blade tips runs close to the 
root B of the next adjoining blade. The clear- 
ance which controls the leakage of steam is, 
therefore, an axial one, and may be adjusted to 
a very small amount. 

In very large turbines recently constructed 
by Messrs. C. A. Parsons & Co., steel blades 
are used in which the blade and root are formed 
integrally by rolling, a new process devised by 
Messrs. Parsons. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mrcu.E. 


LESSON XXIII 


Ordering the Part. Proceeding with the draw- 
ing office method of dealing with an inquiry for 
a ship’s propeller, we may assume that the 


PITCH 


CIRCUMFERENCE 
oF Boss 


F, 
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order has been obtained. We now have to 
set the machinery in motion for manufacturing 
the part. This is done, apart from the antici- 
patory information to the shops from the 
management, by issuing a working drawing of 
the propeller to the shops. 

The chief draughtsman, in giving instructions 
for the working drawing to be made, will not 
necessarily give the work to the draughtsman 
who made the tender drawing. He will con- 
sider it sufficient to give a draughtsman the 
tender drawing, which will now be considered 
the basis, or design plan, together with the 
owners’ specification. 

In commencing the working drawing, with 
the above tender drawing as the chief guidance, 
we may assume this plan to be satisfactory with 
regard to both strength and form. We may 


a 


P. 


Gz 
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now give our attention solely to any practical 
points which may arise while the drawing is in 
progress. 

Referring to other working drawings of pro- 
pellers for general guidance, we may observe 
that the usual method of projecting points on 


the surface of the blade is quite approximate. 
Consequently, the projected surface of the blade 
produced from sections determined by the 
above method will be approximate. 

Considering the empirical nature of the rules 
used in finding suitable blade surfaces, the error 
is not serious, and is quite justified by the 
simplification given to the representation. 
There is, however, one section of the blade 
which requires a more careful determination, 
i.e. the section at the juncture of boss and 
blade. We must provide a surface of landing, 
on the boss, sufficiently large to take the 
blade. 

For the above reason it is advisable to adopt 
the more accurate method of projection for 


the section at the boss in fixing the length of 
same. 

Correct Projection. Referring to Fig. 1a, we 
have a rectangle having a length equal to the 
propeller pitch, and a width equal to the cir- 
cumference of the boss. A diagonal is drawn 
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from P to P,, and the surface rolled into a 
cylinder as shown in Fig. 18. The line PP, 
has now formed a helix on the cylinder. If we 
imagine the line OP to rotate in a clockwise 


Fic. 3A 


direction as it moves towards the line O,P,, 
_ the rotary and linear movements being uniform 
throughout the travel, we may obtain a simple 
relationship between the angular and linear 
positions of the moving line relative to O,P,. 
Thus, for any intermediate position on the 
helix P we have 
a= OY sr E3605 
7: 360° 


‘0 
2, 0, = 360 * pitch. 


ae EAT OB 
: pitch. 


Referring to Fig. 2, the point A represents 
the point of intersection of the aft edge of the 
blade, where it joins the boss, which at this 
point has a diameter of 26in. The distance 
between the planes A,A, and C,C, being the 
linear movement of the point on the helix in 
revolving through the angle AOC and will 


35. oe 


The line AA, will support the point repre- 
senting the aft edge of the blade adjoining the 
boss. The line OC, will represent the axis 
of rotation and the line C,C, a plane normal to 
the axis OC,, the point C, representing the 


equal —— 
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place where the leading edge of the blade 
reaches the summit of the boss. 

The point F, having been obtained in a 
manner similar to the above, a curve may be 
drawn through the points A,C,F,,_ repre- 
senting a plan view of the leading edge of the 
blade. 
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A comparison of the above curve A,C,F, 
with the tender drawing (Fig. 5, on page 1072) 
will show that, to ensure a landing for the 
blade, it will be necessary to move the blade 
nearer to the forward face of the boss. 

Approximate Projection. We may now, for 
the purpose of comparison, draw a plan of the 
blade at the boss using the approximate 
method. Referring to Fig. 4, if we now draw 
a rectangle to the same proportion as the above, 
but to a reduced linear scale of 1 = 27, the 
width will equal the radius of the boss and the 
length will equal the pitch — 27, as shown in 
Fig. 3A. Fig. 3B represents the above rectangle 
rolled into a cylinder with the angle a repre- 
senting the angle made by a tangent to the 
helix, at the crown of the boss, to the plane of 
revolution. 

Referring to Fig. 4, OC, represents the axis 
of rotation, and the lines OF, and C,C, planes 
of rotation separated by a distance equal to 
the pitch + 27. A line drawn from F, to Cy 


will be tangential to the helix at C,, but not 
at the point F,. Similarly, the line A,C, will 
be tangential to the helix, on a cylinder having 
a diameter equal to the diameter of boss at the 
aft end, at the point C, but not at the point 
ay 

If we assume the line drawn through the 
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points A,C,F, represents the leading edge of 
the blade adjoining the boss, we fail to obtain 
a true length of blade section, and it is this 
approximation which was made in producing 
the tender drawing. 

Having, from Fig. 2, determined the correct 
position for the blade on the boss, we may pro- 
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construction used in the making of a working 
drawing, which unless made on a sheet of 
tracing paper above the drawing should be 
erased. In the working drawing of the above 


propeller (Fig. 5) it will be observed that certain 
lines of construction are left on the drawing. 
This is done for the information of the pattern- 
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ceed with the working drawing, applying the 
above approximate method to determine the 
lengths of blade sections at the various radii 
and for finding the outline of the developed 
blade. 

Construction Lines on Working Drawing. We 
have, in a previous lesson, referred to the lines of 


maker, and provides an example of a drawing 
in which the lines of construction may be of 
service to the craftsman in making the part. 


EXERCISE 


Complete the exercise of the last two lessons by 
making a working drawing of the propeller in question. 
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By W. G. BicxirEy, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXIV 
DIFFERENTIATION— (contd.) 


Small Quantities. Another use of differentia- 
tion is to enable us to calculate small variations 
in one quantity consequent upon small varia- 
tions of a related quantity. For instance, a 
fly-wheel is used to absorb the fluctuations of 
energy, and must be designed so that this 
- fluctuation of energy entails only a small varia- 
tion of speed. If we can find a connection 
between the variation of energy, 6#, and the 
consequent variation of speed, 6” r.p.m., we 
shall be able to choose the weight (or, more 
accurately, the moment of inertia) so that the 
value of 6x may be kept within prescribed 
limits. 

To obtain a formula covering all such cases, 
we remember that the differential coefficient 
was defined as the limit to which the ratio of 
the small increments tended as the increments 
themselves tend to zero. Thus, provided that 


6 a 
dx is small, re and = must be nearly equal, i.e., 


oy dy 


~ 


th 
Be = an Of ov = for 


= ax 


It must be noted that this is an approximation 
formula, and the approximation is good so 


ad 
long as 6x is so small that the variation of : 


in the interval 6x can be neglected. 


ExAmpPLeE. Find the weight of a fly-wheel, 
the radius of gyration being 2 ft., to keep the 
variation of speed of a double-acting engine 
developing 50 h.p. at 120 r.p.m. within I r.p.m. 
~on each side of the mean, the fluctuation of 
energy being Io per cent of that of one stroke. 

Here we have, denoting the energy of the 
fly-wheel by E and the speed by  (r.p.m.), 


dE 
ie om on. 


Let w be the weight of the fly-wheel, when the 


ie. ; wx4 /[ann\? 
kinetic energy will be 2X 32-2 es S 


dE 
0-000680w n? ft.-lb. = E. So * ies 0:00136wn, 


and since én = 2, 


dE 
Oba ae On = 0:00136wW X 120 X 2 = 0°3264w. 


But 6E is also ro per cent of the energy 
developed per stroke, i.e. 


Ly) 505 33,000 » Yas 
We, == Go eee 687-5 ft.-lb. 
Therefore, 0°3264w = 687-5 
687- 
w= a = 2,100 lb., nearly. 


Another use of the approximation formula is 
to obtain numerical approximations. We will 
show how to use calculus to obtain a good 


approximation to 26. We know the answer 
is just over 5, since 7/25 =5. Thus, if y= 
/x, we know that y =5 when x = 25, and 
want y when x = 26; we proceed to find the 


alteration in y when » increases by I, i.e. the 
value of dy when 6x = I. 


ay 
Now, OV = Re Ox 
and, since y = Vx =x 
Oo, Se 
a avn 2X5 
when * = 25. 
I 
Therefore, dy= 5 oe 


Therefore an approximation to 26 is 5 +- 
dy = 5:1. (Tables give 5:0990 . . .) 
Approximate Solution of Equations. In the 
above, we have, in effect, obtained an approxima- 
tion to the solution of the equation y* = 26, 
starting from the value 5 which is a rough 
approximation. A similar method can be used 


i168 


to improve a rough approximation to the solu- 
tion of any equation, and by successive applica- 
tions of the method, we may obtain the root to 
any required degree of accuracy. We will apply 
the method to the solution of the equation 
x* — gx + 2 = 0, which we solved by graphical 
methods in Lesson X. 

By trial, we soon find that x = 3 is a rough 
approximation to the root. Denoting x*- 9x 
+ 2 by y, we have 


When « = 3,y = 3?-9 X 3+2=2. 


We want y = 0, so we have 6y =—2; and 
must find the corresponding value of dx. To 
do this, we use the formula 


dy 
oy = Pa 6x 
Since y = @-g9x + 2, 


dy . 
Az 3" -9=27-9—8 


when x = 3. Substituting the values of dy and 


dy I 

qe ~2 = tee o —OTIl a = « 
Thus, a better approximation to the root is 
3+ 6x = 3-011 . . = 2-889. 

Should we need a still better approximation, 
we use the same process, starting with 2-89, 
say, instead of 3, and by successive approxima- 
tion we may obtain our root correct to as many 
places of decimals as we need. 


EXERCISE No. 37 


i. Find the weight of the fiy-wheel of a small engine 
developing 5 hp. at 1,200 rp.m., to limit the total 
finctuation of speed to 5 per cent of the mean, the 
fluctuation of energy bemg 20 per cent of that per 
revolution. Take the radius of gyration as 6 in. 


2. Use calculus to find approximations to 1/84, 
4/45, and 3/60- 

3- Obtain the root of the equation s* + 10% = 31 
Rear 2 correct to three places of decimals. 


INVERSE RATE OF CHANGE 


In a very large number of practical cases, 
we are able to calculate the rate of change of a 
quantity by means other than differentiation, 
but need then a formula for the quantity itself. 
For instance, in mechanics, we can calculate 
the accelerations of moving bodies from their 
weights and the forces acting on them, and need 
their velocities and displacements. 
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Suppose we are told that 
dy 
‘PP =i e4 


what must be the value of y? We must remem- 
ber the rule for differentiation and try to con- 
struct a formula for y such that when it is 
differentiated, we obtain 6x. Now in differ- 
entiating, we reduce the index by 1, so that to 
get x we must have started with x2. Also in 
differentiating, we multiply by the index, in 
this case 2, so that we must have had for the 
coefficient of x7,6+2=3. Thus, y = 3x? is 
a possible value of y. But is it the only possible 
value? Well, if we put y = 3x? + 2, we still 


ad 
have - = 6x. And the same is true if we have 


any constant instead of 2, since the differential 
coefficient of any constant is zero. Thus the 
value of y is 


y=3HV4C 
where C may be any constant, positive, or 


a 
negative. In the same way, if = = 15%", we 


have y = 5x7 + C, andsoon. The rule must 
be clear by now; it is the reverse of the rule 
for differentiation, 


Add 1 to the index. 
Divide by the new index. 
Add a constant. 


The presence of an unknown constant may 
cause some misgiving, making it appear as 
though the result is not certain and determin- 
ate. We must remember, however, that in 
problems of this type which occur in practice, 
there will always be additional information, 
and we shall see that this always enables us to 
find the appropriate value of C for the problem 
in hand. For instance, if we know that a body 
has been moving for 3 sec. with an acceleration 
of 4 ft./sec.2, we know that its velocity has 
increased by 3 X 4= 12 ft./sec.—but unless 
we know its initial velocity, we cannot find its 


final. Here 4 
dv 
a4 

therefore yv=4t+C 


= 12+ Cwhent = 3 


and we see that in this case C stands for the 
initial velocity. Further practical problems to 


a 


_ be considered later should make it quite clear 
_ how the value of C can be found, given sufficient 
information, and we will first give a few more 
_ cases of the use of the rule. 
There should be no difficulty with powers, 
such as 
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d 
Fe = 54-82 + 5,y = 2x4 4 5x + C. 


_ dy 7 13 9 
a “zs Re Mt 
a ge ae + 13%" 9%, = 4 mt 3 5 oa 2 


: 2c 

Ed : 

A ge 8849 = 5 P14 C= 3:33." a bs 
d 6 

eS = 6r7,y— = x24 C=-3274C 


In dealing with roots and fractions, we must 
_ first express them by means of jndices (or at 
’ least think of them as so expressed). Thus, if 


= = 61/ x, we write it as 6x7 and then use the 
tule, obtaining y = 6x54 ~ 13 + C; 


6 : 
; (or 4x-/x + C). 
; a 8 
Similarly, if = = je we think of it as 82-3; 


8 8 
pee Ye PC SH her tC 


4 
(or— 2 


+ C). 


! As a first instance of the use of this process, 
and also as an instance of determining the 
constants that arise, we will consider the case 
of uniformly accelerated motion. Denoting by 
S, v, a, and i, distance, velocity, acceleration, 

_ and time respectively, and calling the initial 
velocity u, we have 


dv 
| ae 
. so v=at+ C. 


u=—axotc 
C=. 
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So  t=at+u, 
the well-known formula. 
; ds 
Again, v= F 80 that 
ds 
n= at + u 


and consequently, 
s=ta?+ut+D 

where D is another constant. To determine 
D, we have that s = o when ¢ = o, and substi- 
tuting these values, 

o=taxd?+uxo4+D 
whence Jip 
Finally, then, 

s = hal? + ut. 

EXAMPLE 2. The gradient of a curve is 

given by 3 — 2x, and the curve is to pass through 
the point (2,6). Find its equation. 


dy 
Here, gradient = 2 Fie mrad 


Therefore y = 34-7 + C. 

But, to pass through the point (2, 6), we must 
have y=6 when x= 2. Substituting these 
values, 


6=3x2-24+C=6-4+0C, 
whence C= 4. 


Thus, the required equation is 
y = 3x%- 2 + 4. 


EXAMPLE 3. As a next example, we will 
consider the suspension bridge, with a view to 
finding the shape of the curve in which the chain 
hangs, and the relations between the weight of 
the roadway, the sag, the span, and the tension 
in the chain. 

In Fig. 97, AB is the roadway, CED the 
chain, and AC, BD, the piers. Let w be the 
weight of the road per unit length, and consider 
a portion of the bridge from the midpoint E 
to any other point P. Then, EO and PN being 
the verticals, ON = x, PN = y, tensions in the 
chain at E and P, T, and T respectively, 
the latter being inclined at an angle ¢ to the 
horizontal, we have for the equilibrium of the 
portion, 

resolving horizontally, T, = T cos ¢, 
resolving vertically, wx = T sin 


(wx being the weight of the road from O to N, 
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which must be supported by the vertical com- 


ponent of T). Dividing, 
Tsingd wx 
Tite oer 
or, cancelling the ZY and remembering that 


sin w 
cos = ta, tan p= vies a5 
But tan ¢ is the gradient of the curve at P, 


d 
and so must be equal to =. Thus, we must have 


dy w 
in ae 
h | BMV EER 
so that PT 


But when x = 0, y =, = OE, and substitu- 


FIG. 97 


ting, we find that this makes C = He, Able 
equation to the curve of the chain is thus, 
w 2 

| eS ae = ) 

5 aT, call a 
so that the curve is a parabola. To obtain the 
relations between sag and tension, etc., we go 
to the end C of the chain. If / is the span, 
% = flat C; also, if dis the sag, y = d+, at 
C. Substituting these values, ‘ 


d+ 45 =a WP +o 
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so, Gh vee 


Knowing the sag and the span, as well as w, 
we can find 7,, and then the tension at any 
point. 


EXERCISE No. 38 


1. Write down the values of y for the following 


dy 
ral feet 
values oO ae 


(a) 241-5 — 47°98, (e) > (fs Vet Te 


2. If dy = 443 — 2%, and y = 2 when # = 2, find the 
formula for y, and the values of y when # = o and 
when # = 4. 


3. The acceleration of a tain when starting is given 


(a) 4x9, (b) 3% + 2, (c) w4— 3x3 + x, 


t ' S =e: 
by 4°4 ( I- =) ft./sec.*, at ¢ sec. after starting. Find 


formulae for the velocity and distance gone, in ¢ sec., 
and calculate the speed and distance gone after 
15 sec. 

4. The sag of a suspension bridge is 16 ft., and the 
span is 80 ft. At the centre the height of the chain 
above the road is 4ft. Find the equation to the 
curve, the tensions at the centre and the end, and 
the inclination of the chain at the end, given that the 
road weighs 2 tons/ft. (Remember that there will 
usually be two chains.) - 


5. In emptying a tank through an orifice at the 


dl k 
bottom, it can be shown that 77 = — Vi & being a con- 


stant depending upon areas of tank and orifice, etc., / 
being time, and h# the depth of the water. Taking k = 
60, and the initial depth as 9 ft., find a formula for ¢, and 
deduce the time taken to empty the tank. 


ANSWERS TO EXERCISE No, 36 

. 167, 130, 42, — 42, — 84, — 88, —84, ft./sec.*. 
y=u+4; 45°. 
. 500 ft./min.; 11°36 hp. 
. Radius = 2:233 in. = depth. 
. 7°746 ft. deep, 15°49 ft. wide. 

# = 5°773; 770 Ib.-ft., nearly. 
. 0°5282, 0°5458. 
. 1 = 0:08944 radians = 5°8’. Rai, 
. Bottom and sides each 13 in. wide. 


Am fw 


= 35°8: lb. 
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OUTLINES OF LOCOMOTIVE ENGINEERING 


By A. Morton BE tt, O.B.E., M.I.Mecu.E., M.I.Loco.E. 


LESSON IV 
AUXILIARY APPARATUS 


REGARDING some of the more important subsi- 
diary appliances required on a locomotive, pre- 
eminently, there are means needed for securing 
a supply of feed water to the boiler—both 
injectors and pumps are used. In the earlier 
locomotives, pumps driven from a moving part 
of the engine were the sole means employed. 
The injector replaced these pumps some years 
ago, owing to its simplicity and easy manipula- 
tion, and the fact that it would feed the boiler 
whether the engine was standing or running. 
’ Latterly, there has been a return to the pump, 
owing to the extensive use of feed-water heat- 
ing. The early pumps having been mentioned, 
there is no necessity for further description here, 
but more details of recent developments will be 
given later. 

Of injectors, there are two types—those 
operated with “live ’’ steam, and those relying 
on “exhaust ’”’ steam. Both depend on a jet 
of steam moving at high velocity being suddenly 
condensed by contact with water moving at 
slow velocity, the momentum of the steam jet 
being, more or less, transferred to the water, 
thus producing a combined jet of sufficient 
resultant velocity to overcome the boiler 
pressure. The adjoining diagram, Fig. 12, will 
assist in elucidating this action. 

The mixture of condensed steam and water 
enters the combining tube and then the diffuser 
or reversed nozzle. The cross-sectional area of 
the diffuser gradually increases and, in conse- 
quence, the velocity of the water flowing through 


the diffuser is diminished. By this means the 


pressure is gradually raised until it becomes 
sufficient to overcome the boiler pressure. 
The water is finally discharged to the boiler 
through a check valve, which prevents water 
flowing back through the injector when it is 
not in operation. 

Refinements consist in methods of securing 
self-action in restarting should vibration of the 
locomotive in running cause operation to cease. 
This automatic restarting is secured by using 
nozzles with grooves turned circumferentially 
on their internal surfaces, or by hinged flaps 


which become deranged by the injector stopping 
and automatically fall again into correct posi- 
tion, when the requisite condensation is resumed. 

Exhaust steam injectors are actuated by a 
supply of low pressure steam taken from the 
exhaust ; this is condensed on meeting the cool 
feed water, which it raises to a high temperature, 
causing the deposit of a considerable proportion 
of any solid matter it may contain. A jet of 
live steam is next introduced, which intensifies 
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Pipe 


Feed Tank 
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the velocity of the stream of hot water, driving 
it forward and ensuring its entry into the boiler. 
These injectors fulfil all the services of feed- 
water heaters, but there are those who prefer 
a separate, special, and independent method of 
heating the water without contact with the 
exhaust steam prior to its delivery to the boiler 
by a steam pump, the exhaust of such pump 
being utilized in the heater. An example of 
this arrangement is given in the accompanying 
drawing (Fig. 13), from which the different 
details can be readily followed. 

There are two sources of waste heat on a 
locomotive—the escaping gases, and the exhaust 
steam. In attempts to utilize the former, 
mechanical difficulties are encountered which 
render any advantage still a doubtful gain. 
With exhaust steam, however, much less diffi- 
culty exists, and it can be utilized for heating 


1172 


the feed water, either on the suction side of the 
pump, or injector, used to feed the boiler, or 
on the delivery side, when the feed water can 
be heated in a tubular, or surface, contact 
apparatus, on its way to the boiler. 

If the feed water supplied to a boiler working 
at 200 lb. per sq. in. pressure, normally at 


Fic. 13. 


60 °F., is raised to a temperature of 120° F. 
before delivery, a saving of 4 per cent in fuel 
may be anticipated, whilst if it can be heated 
up to 200° F., an economy of 12 per cent is 
possible. In addition to these savings, there 
are the subsidiary advantages accruing from the 
use of hot feed to be credited. 
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A very recent development for which some 
interesting claims are made is one wherein the 
feed water, heated by exhaust steam, is fed into 
the boiler by a mechanically operated pump, 
driven from a connection of the valve gear which 
is influenced by the degree of expansion, or 
cut-off, the locomotive is working in; that is 


The feed water is heated in the preheater by 
mixing with the exhaust steam of the engine, and 
it is forced into the boiler by the pump. This 
steam passes through a stop valve, meets the 
exhaust steam of the feed pump, passes through 
an oil separator and enters the preheater D 
through opening M. The upper part of the 
preheater is then filled with exhaust steam at a 
pressure which is little less than that of the exhaust 
in the cylinders. The cold water is supplied from 
the tender by the cold water pump B, led to the 
spray valve C at the upper part of the preheater, 
where it mixes with the exhaust steam coming 
from the engine. This celd water condenses 
exhaust steam which is necessary-for heating it, 
mixes with the water from condensation and falls 
to the bottom of the preheater, from where it is 
taken by the hot water pump Z, and returned to 
boiler, 

The oxygen contained in the water is releaSed 
by preheating and goes into the air through the 
air exhaust vent N. 

The relation: between the cold water and hot 
water cylinders is such that the water-level in the 
preheater rises in consequence of the supply of 
additional water resulting from the condensation 
of the exhaust steam. At that moment the 
float F rises and uncovers the holes G of the guide 
rod H. The additional water passes through the 
holes G and the by-pass valve J. It is drawn by 
the cold water pump B, and returned to the pre- 
heater D, The pump is controlled by a throttle 
valve placed in the cab. 


SECTIONAL VIEW OF WoRTHINGTON LOCOMOTIVE FEED 
WATER HEATER AND BorLeR FEED Pump 


to say, as the, degree of expansion is increased 
the stroke of the pump is decreased, and the 
delivery of feed water to the boiler reduced 
automatically. 

When it is considered that the actual return 
of useful work from the units of heat generated 
in the fire-box of a modern locomotive is only 


~ heat. 
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about from 4 to 5 per cent, it is not surprising to 
find many other ways of attempting to secure 
more satisfactory utilization of power have been 
suggested and tried. Methods of inducing better 
circulation of the water in the boiler to prevent 
accumulation of dirt, etc., on the heating sur- 
faces are much in favour in the U.S.A. The 
sketch (Fig. 14) shows an adaptation of a device 
known as the “ Thermo-syphon,” consisting of 
tubes, or cavities, fitted to the fire-box, to 
quickly lead away the water receiving the most 
energetic heating. In this country more atten- 
tion has been directed to the collection of dirt 
or deposit from the feed water prior to its entry 
into the boiler, thus ensuring cleaner tube and 
fire-box surfaces for more rapid conduction of 
The drawing (Fig. 15) shows a very com- 
pact and efficient arrangement applied to a 
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plants for treating unsatisfactory water chemi- 
cally, and “ softening’ it, are now frequently 
installed, and, there is no doubt, with good 
results. Good, clean feed water means much 
economy in fuel. The conductivity of the tubes 
of a boiler suffer to the extent of 25 per cent 
when they become coated with a scale of ', in. 
in thickness, whilst a covering of an } in. thick 
means a loss of nearly 50 per cent. Further, 
if deposit and dirt can be kept out of a boiler 
and collected into some easily cleaned receptacle 
(as in the device shown in Fig. 15), there is every 
reason for the useful mileage of locomotives 
being much increased, due to the diminution 
in periods of stoppages for boiler cleaning, 
EGS 

Conserving excess steam generated, or bulk of 
water heated, during intervals of standing, has 


Fic. 14. THERMO-SYPHON IN FIRE-BOX 


locomotive boiler. It consists of a drum, or 
dome, in which the feed is delivered from the 
injectors or pumps. Inside are a series of 
trays, or shallow pans, arranged in the form of 
a large spiral around a central pipe through 
which the boiler steam circulates. The feed 
water falling on this series of trays is directed 
along a tortuous path of spiral form, becoming 
highly heated on its descent to the boiler, and 
depositing the bulk of any solid matter it may 
contain on the trays and in the receiving cham- 
ber provided at the lower level ; from this latter 
the mud and dirt can be easily withdrawn at 
intervals. In a similar manner, if the cover of 
the dome is removed, the shallow trays forming 
the spiral can be lifted out for cleaning. This 
arrangement is said to be particularly satisfac- 
tory in districts where indifferent water supplies 
are available, and the principle has been largely 
adopted in various forms. It may here be 
noted that at watering depots where a large 
number of locomotives are supplied, stationary 


also received attention, and engines have been 
fitted with réceivers and reservoirs, wherein 
storage could be effected until such time as a 
maximum output was required. Such arrange- 
ments, however, all require plant and appliances | 
which are apt to cause more trouble and expense 
in maintenance than they render good return 
for in practice, designers are therefore dis- 
inclined to adopt them unless some special or 
local condition favourably affects the problem, 
such as locomotives on mountain lines, wherein 
all power is required on the ascent, and the 
weight of the locomotive is needed only for 
assisting in deceleration and control on the 
descent. 

All large boilers in power plants are fired 
mechanically nowadays, and, naturally, the 
growth in size of modern locomotives has drawn 
attention to the adoption of similar arrange- 
ments for firing on them ; it is obvious that the 
amount of coal which can be fired by one man 
per hour is limited. The rate of combustion 
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on a large goods engine equals some 100 lb. per 
sq. ft. of grate per hour, or, approximately, 
t ton of coal is required to be thrown on to the 
fire every hour. 

The immense locomotives in the U.S.A. are 
now provided with such appliances, and many 
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The coal for mechanically-fired locomotives is 
either crushed to uniform size at the depot before 
loading on to the tender, or passes a breaking-up 
device on its way from the bunker to the con- 
veyor, which delivers the coal to the firing plate. 
The conveyor is operated by a small steam- 


Fic. 15. “ Tiran’”’ FEED WATER HEATER AND PURIFIER 


A, Feed inlet. 
B. Removable trays. 


C. Outlet for purified water. 
D. Central steam passage. 


£. Blow-off cock. 
(Monarch Controller Co., London) 


experimental installations have been made on 
British locomotives built for the Colonies and 
abroad. Briefly, there are two forms of stoker 
in service: one which relies on jets of high 
pressure steam to distribute the coal delivered 
on to the firing plate by the conveyor, and the 
other wherein a mechanical device imitates the 
action of the fireman’s shovel and scatters the 
coal over the fire-grate: both are in extensive 
operation. 


engine controlled from the footplate, so that the 
delivery of coal can be regulated exactly to 
meet the requirements of the engine. As the 
firing is constant, other conditions can be 
adjusted to secure very efficient combustion. 
The diagram, Fig. 16, shows a complete installa- 
tion on engine and tender. 

Another method of utilizing coal of inferior 
grade, which has found limited adoption chiefly 
in countries where the fuel available has, more 
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or less, favoured its use, is that known as 
_ “ pulverized’”’ coal. The coal is ground to a 
very fine powder, dried and carried in a per- 
fectly tight bunker. It is conveyed by a helical 
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used to transport the powdered coal from the 
tender to the fire-box. The fuel is burned 
without residue, so that the useful period of a 
locomotive in service can be extended by 
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Fic. 16. ARRANGEMENT OF MECHANICAL STOKER 


conveyor driven by a steam motor, through 
flexible piping to the furnace, where it is 
injected and distributed by low pressure air 
blast furnished by a blower. The fire-box is 
specially arranged, and the blowing apparatus 
is worked in conjunction with the conveyor, 


the elimination of periods for cleaning the 
fire, etc. Objection to the system exists, how- 
ever, in the risk of explosion, spontaneous com- 
bustion, etc., in the storage of the powdered 
fuel. 

Peat can be similarly powdered and burnt. 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLacuHian AND C. A. OTTO 


LESSON XI 
LOAM MOULDING 


Loam moulding is more complicated and 
difficult than it is sometimes thought to be by 
those whose experience has been confined to 
dry and green sand moulding. Loam may be 
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Fic. 47. SWEEPING SHALLOW WoRK ABOUT A 
VERTICAL SPINDLE 


used to build a complete mould, including 
cope and cores, but sometimes it is better prac- 
tice to construct the mould partly of loam and 
the remainder of sand. Practical reasons, such 
as the difficulty of locating small loose parts of 
a pattern in a swept-up loam cope, render it 
advisable at times to make a loam pattern which 
can be used for making a mould either in loam, 
dry or green sand. 

The value of loam is most evident in making 
moulds for cylindrical castings, because this 
work offers facilities for sweeping about a 


vertical or horizontal spindle, and boards or 
sweeps form the principal medium for obtaining 
the required shape. It is in the making of 
moulds for cylindrical castings that loam 
possesses economic advantages. A cheap pro- 
filed edged board takes the place of a costly 
pattern. It must be remembered that when 
many similar castings are required, it is gener- 
ally better to supply a full pattern because sand 
moulds can be more quickly produced, and the 
saving of time on each mould would compensate 
for the extra cost of pattern-making if a suff- 
cient number of castings are wanted. 

Materials Used in Loam Moulds. A loam 
mould involves the use of a base-plate, upon 
which the mould is built ; a spindle, when the 
work is cylindrical; grids to strengthen the 
mould and allow the parts to be lifted; and 
bricks to support the loam. Three loam mix- 
tures are generally used and are known as 
building, facing, and core loam mixtures. The 
building loam is used for interposing betweem the 
bricks, the facing loam, as its name implies, 
forming the face of the mould, while the core 
loam is more open in texture. These mixtures 
compare with facing, backing, and core sands 
used in green or dry sand moulding. Owing 
to the strength of loam mixtures, it is necessary 
to use openers, so that the loam may be suffi- 
ciently porous at the time of casting. For this 


_ purpose, chopped straw, horse dung, or horse- 


hair may be used. -Many foundries reduce the 
strength with ground coke or sharp sand. 
Strong facing mixtures crack considerably on 
drying, and great care has to be exercised later 
in filling these cracks to avoid scabbing the 
casting. 

The majority of loam moulds are for cylindri- 
cal castings, and are prepared either about a 
vertical or horizontal spindle, according to the 
kind of work required ; it will be as well, there- 
fore, if the two forms are considered separately. 

Sweeping About a Vertical Spindle. This 
form of sweeping is adopted when the diameter 
is large compared with the length of work. 
The spindle and socket are the most important 
parts of the equipment. The spindle should be 
accurate to size and perfectly straight. The 
most convenient sizes are I}in. and 2 in. for 
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small moulds, and 3 in. diameter for medium The equipment necessary for this method dif- 
and large moulds, excepting when the sweep fers from that used in vertical sweeping. It is 
and other equipment are very heavy, when a_ true that a spindle is used, but this may be 
4 in. spindle will give greater rigidity. A spider solid and parallel, or it may support a barrel 
or tail-piece is made to fit on the spindle to according to the kind of work and the form of 
which the sweep can be attached. Much — sweeping. 

difference of opinion exists respecting this form Racks are required to supply a bearance at 
of equipment. Some prefer wall braces at the each end of the spindle. These vary in size 
top of the spindle, while others depend on a_ from small bench racks to very large racks that 
long tapered fit in the socket. The spindle may are mounted on wheels, and are capable of 
be fixed in the socket and the sweep rotated 
about it, or the sweep may be fixed to the 
spindle and rotated with it. The latter is in 
more common use, and is the method illustrated 


iy 


in this article. With this form of equipment, te 
and a suitable base or building plate, moulds SseSes 
»may be swept direct, or a loam pattern may be re wea 
prepared to be used in the same manner as a a 
- wood pattern. When the mould is swept, the [4 
operation is frequently referred to as sweeping ees ees 
_the cope. Subsidiary pattern sections are made Sones 
in wood, that can be located in their relative aie 


positions during the time of sweeping the 
mould, or, in the case of a loam pattern, after 
it has been dried. When there are many 
pattern sections in wood it is the more general ER BES ZI 
practice to sweep a loam pattern, because the 
sections can be located more accurately on it. 
Generally, such a pattern can only be* used 
once, another pattern being swept for the second 
mould, 

Cylindrical cores that are large in diameter 
are prepared about a vertical spindle in exactly 
the same way as a loam pattern, excepting that 
more care is necessary because it is required to 
resist the pressure of the metal and be free 
venting. When the core is practically straight Site phate 
the whole can be swept > it BAe however, be Fic. 50. Ustnc THICKNESS OF LoAmM oN MovuLp 
unpossible to sweep it wholly in this way. In CORRESPONDING TO THICKNESS OF METAL 
such cases a seating or part core-box may be ; ; 
swept and the core built in, and any remaining adjustment to suit varying lengths. As in 
shape completed by means of a separate sweep. vertical spindle work, the horizontal spindle may 
Instead of adopting either of these methods, a be used for making the mould direct, for making 
thickness may be swept on the mould, corre- a loam pattern or a core. The method is more 
sponding to the thickness of metal in the commonly associated with the making of cores, 
required casting. This forms a complete core- as, even in foundries where dry sand is pre- 
box in which the required core can be made. ferred for the general run of work, loam is used 
This latter is of considerable value in certain for many of the plain cylindrical cores. 
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kinds of work, as a regular thickness is assured When the core is comparatively small and can 
and the actual working space is much less than be handled, a solid spindle is generally used, 
when making the core separately. unless it is fairly long and the spindle is 


Horizontal Sweeping. When the work is required to give support during the time of 
small in diameter compared to its length, and casting. Many cores, however, need to have » 
loam can be conveniently employed in the pre- the spindle removed after they have been swept 
paration of the mould, it is swept horizontally. and dried. In such instances, some form of 
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rodding is necessary to give the requisite 
strength to the core. If the spindle can be 
left in the core it is generally hollow and per- 
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and the spindle is rotated in its bearings. When 


the spindle is to be removed from the core, a 
layer of straw rope is first wound on the spindle, 


25 Floor Rack or 
Trestle 


on same Spindle 
Fic. 51. SWEEPING LoAm WorkK oN A HorIzonTAL SPINDLE OR’ BARREL 


forated with holes, so that the ends of the 
spindle, or barrel, as it is called, will permit the 
ready escape of gases generated at the time of 


Fic. 52. Loam PATTERN BEDDED INTO 
SAND FLOOR 


casting. For sweeping cores or loam patterns, 
the wood sweep is fixed to the racks at the 
required distance from the centre of the spindle, 


and the shape gradually made up from straw 
and loam until within about in. of the working 
edge of the sweep when loam only is used to 
complete the shape. In other cases, when the 
spindle or barrel remains in the core, loam and 
straw rope are applied to the barrel together, 
and the shape of the core gradually formed as 
the barrel is rotated. The straw rope serves a 
dual purpose, as it supports the loam and 
facilitates the escape of gases from the core. 
When the spindle is to be withdrawn the straw 
rope carbonizes during the time of drying the 
core, leaving the spindle loose. With the per- 
forated barrel the straw makes a contact with 
the vent holes. : 

Wood wool or hay may be used instead of 
straw rope. A loam pattern may be made in 
exactly the same way, but it is only necessary 
that it shoud have a reasonably smooth sur- 
face, and be capable oi withstanding the ram- 
ming of sand about it when used in making the 
mould. Sometimes, when only one barrel is 
available for pattern and core, the core is first 
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swept, then dried, after which a thickness of 
loam is applied to it to form a pattern. When 
the mould has been prepared the thickness is 
removed, and the core coated with a face wash 
to be dried preparatory to setting in the mould. 
Subsidiary pattern sections can be attached to 


Supporting irons like A are bedded into loam 


Fic. 53. SWEEPING SMALL CYLINDRICAL CORES 
WHEN SPINDLE IS TO BE REMOVED 


a loam pattern swept horizontally, and such a 
pattern can be used many times as long as it is 
not broken when stripping. 

Sweeping moulds horizontally is a method 
not frequently adopted, because full cylindrical 
moulds would need to be made in halves and 
this involves elaborate equipment to ensure 
accuracy. The sweep is secured to the spindle 
by means of two or more spiders, and rotated 
with the spindle. Bricks form the main support 
for the loam in this instance, but a grid, frame or 
box is necessary to enclose the brickwork. A 
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box is preferable if the work is to be cast on end 
to ensure a sounder casting, because of pressure 
of the metal when casting. 

While it is true that the majority of loam jobs 
are prepared about a spindle, there are a great 
many other jobs made in loam without their 
use. In fact, the number of ways in which 
loam may be applied in the making of moulds 
is limited only by the moulder’s ingenuity. 
Sometimes this ingenuity is exercised at the 
expense of economy. The profile of a required 
casting or its core can be formed frequently on 


Fic. 54. HALF Cores MADE WITH STRICKLE CuT 
AT “A” to FoLttow Woop or Iron GUIDE 


a board, and used against a guide which defines 
the contour of a shape required, enabling 
a core to be formed or a mould made. A 
certain amount of pattern work is invari- 
ably necessary, but, as a rule, very much less 
than would be necessary for green or dry sand 
work. 

All loam work must be dried and special dry- 
ing facilities are required in the form of large 
ovens, into which work can be moved on bogies. 
Surfaces against which the metal comes into 
contact need a special facing wash. 
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MACHINE TOOLS 


By JoserH G. Horner, A.M.I.MEcu.E. 


LESSON XIX 
MILLING MACHINES—(contd.) 


Vertical Spindle Machines. These are built after 
the general model of the drilling machines, with 
a vertical spindle, holding edge mills most 
frequently. Face cutters may also be used with 


1 
~ ie mea 
| 


Fic. 132. HEAVY-DUTY VERTICAL MILLER 


these machines when desired. They are also 


adapted for profiling irregular outlines with edge - 


mills under the control of formers. Linear and 
circular tooling, external and internal, are per- 
formed with the work carried on compound 
tables. Edges can be tooled, and faces without 
resetting the work. The slotting machine is 
superseded on convex and concave faces, because 
the slotting tool takes many separate cuts with 
lost strokes, and leaves minute facets, which 
objections do not apply to the milling cutter. 
The lateral stress in edge milling is severe, but 


this may be resisted with a steady bracket that 
supports the spindle close to the cutter. 

An example of a heavy duty machine is 
shown by Fig. 132, by Smith & Coventry, Ltd., 
of Manchester. The spindle, 3 in. diameter, 
is driven from a constant-speed pulley making 
375 1t.p.m., put in and out of connection with a 
friction clutch. Twelve spindle speeds are pro- 
vided, ranging from 20 to 500 r.p.m.—the six 
faster being obtained direct from a belt passing 
over guide pulleys, the six slower through gear- 
ing, lever-operated. The lower end of the 
spindle is supported close to the cutter with a 
bearing sliding with it on the face of the column, 
with a vertical range of 74in., and balanced. 
The spindle has 12 changes of feed, from 1 to 
20 in. per min. The table has a working sur- 
face of 58in. by 16in. It is carried on a knee 
on which it is adjustable vertically with a hand 
crank, bevels, and telescopic screw. It has 
12 rates of self-acting feed, in longitudinal, 
cross, and vertical directions, ranging from 1 to 
20 in. per min., independent of the spindle 
speeds, and changed with. the movement of a 
lever on a gear-box. The design is such, that 
a quarter revolution of the lever in a clockwise 
direction gives one rate finer of the feed, while 
the opposite movement gives one rate coarser. 
The gears in the feed-box are of hardened steel, 
and run in oil, supplied as long as the machine 
is in operation, but passing afterwards to the 
main driving gears. A tank holds the cooling 
liquid, whence a jointed pipe supplies it to the 
cutter. It is returned to the tank through a 
strainer, and flexible tube. 

The Plano-millers. The most striking advance 
in milling machine design during the present 
generation has been that of the plano- or slab- 
millers. These were introduced as a challenge 
to the reciprocating planers, but they have 
developed into a large group apart, having 
little in common with their prototypes beyond 
the barest outlines. That is, they have a long 
bed carrying a travelling work table, upright 
housings supporting a cross rail with a tool 
carriage or carriages, and with or without side 
tool heads. 

The difference between the earlier and later 
machines is immense. For some tasks the 
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plano-millers fear no rivalry from the planers. 
Gang mills will tool wide irregular faces simul- 
taneously that would be very tediously done 
with single-edged tools. And two, or three 
separate sets of tools can be in operation at one 
time, on the same or on separate adjacent 
faces. Very heavy slogging is performed with 
deep cuts and coarse feeds, by the lavish 
employment of inserted cutters of high speed 
steel, and latterly of stellite, in heads of large 
capacities that cover a width of several inches. 
Variations in design are numerous. The 
term plano-miller is misleading when applied to 
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those which are vertical spindle machines only, 
though they do not resemble in build that class. 
In the typical machine the cutter arbor is rota- 
ted between bearings that have lateral adjust- 
ments along a cross rail, which is adjustable 
vertically on the faces of upright housings that 
flank the bed. Arbors of different sizes and 
lengths interchange. Geared changes are pro- 
vided for rotational speeds. Variable rates of 
feed are imparted to the work-carrying table. 
Fig. 133 illustrates a recent machine by Smith 
& Coventry, Ltd., with two vertical spindle 
heads for face mills, and one side head for face 
mills, or, using the tail support for an arbor, 
for edge cutters. The capacity is for work up 
to 8 ft. long, 5 ft. 6 in. wide, and 4 ft. 6 in. 
high. A feature to be noticed is that the con- 
trolling levers and arrangements are duplicated, 
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so that the attendant can operate the table 
movements, the cross slide, cutter heads, and 
spindles, from either side, which avoids loss of 
time in walking round a big machine. 

The bed is deep, of a box section, with the top 
surface enclosed, and having flat ways with 
square gibs to receive the work table. The 
latter with a working surface of 8 ft. by 5 ft. has 
tee slots for holding work, and waste lubricant 
pockets at each end. When cross-cutting is 
being done, the table is locked. The housings, 
of box section, and semi-parabolic outline are 
bolted to the sides of the bed. They carry the 
cross slide with square gibs, which 
receives the two cutter heads, each 
fitting with a narrow guide, and 
taper adjusting strips, and provision 
for locking. The heads have move- 
ments independent of each other, 
and their spindles have a range of 
12 in. The side head has vertical 
and horizontal adjustments, and 
the support for the tail of the arbor 
can be aligned with it. 

The machine is driven with a 
20 h.p. motor, on the farther side 
of the bed, driving through a centri- 
fugal clutch and a gear-box that 
gives nine rates of automatic 
traverse to the table in either 
direction, at speeds ranging from 
Iin. to 8 in. per min. The table is 
driven with the Sellers’ worm and 
rack, motion being transmitted to it 
~~~ from the gear-box through hardened 

steel spiral bevel gears running in 

an oil bath. The table traverse 
gears are controlled by the levers seen at 
the foot of the right-hand upright. Rapid 
traverses of the table at a constant speed 
of 4ft. per min. are controlled with a lever in 
the box at the side of the bed; hand traverse, 
for setting work, being effected with the large 
hand-wheel adjacent. When either is in action, 
the other is thrown out automatically. 

The vertical spindles are driven through a 
six-speed gear-box by a series of vertical 
and horizontal splined shafts, and hardened 
steel spiral bevel gears to a worm reduction 
gear inside each head. These give a range of 
fast spindle speeds. Slow speeds are obtained 
through a back gear located in each head be- 
tween the worm reduction gear and the spindle. 
The small hand-wheel at the side of the head 
operates the back gear, bringing it into action 


1182 


through an eccentric sleeve. Rapid power 
traverse is applied to the cutter heads and cross- 
slide, operated with levers and friction clutch 
connections. Hand traverses are effected with 
the large hand wheels in front of the cross-slide. 
Dial indicators and pointers are lifted to the 
traverse screws of both cutter heads, and 
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graduated scales and pointers enable the move- 
ment of both of the table and cutter heads to 
be calibrated. 

The cutter spindles are 4 in. in diameter on 
the driving part, and have an 8 in. flange at the 
bottom end for the attachment of large face 
milling cutters. The spindle nose has a No. 
14 B. and S. taper, and a central hole receives a 
draw bolt. A 9g in. sleeve carries the spindle, 
adjusted vertically through a hand-wheel worm 
wheel, rack and pinion gears. The spindle runs 
in a conical bearing at the bottom and a parallel 
bearing above. 
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Although the first machines in this great 
group were primarily designed for the employ- 
ment of edge mills, either singly, or disposed 
in gangs on an arbor, the face mills are used now 
far more extensively when plane surfaces are 
being dealt with. They are not so liable to 
spring and they cut more deeply. Invariably 
they have inserted teeth, set at an angle of 
front rake for incisive action, and spaced to 
give ample chip clearance. The cutters are 
well supported on their heads, and they often 
cover a very large area. With vertical 
spindles, either face or edge mills can be used. 
And as with the simple  vertical-spindle 
machines, circular milling is done, the work 
being carried on a circular table, like that 
shown in Fig. 132, mounted on the main 
table that reciprocates. And profile milling 
is also accomplished on these machines, 
as on the vertical spindle type. Fig. 134 
shows two face cutters working on cylinder 
head castings in fixtures on a rotary table 
machine. 

Plane horizontal, vertical, and angular faces 
are more often tooled with face cutters than 
with edge and gang mills, two or three face 
tools being used for surfaces that are adjacent. 
The edge mills are chiefly reserved for producing 
outlines that are curved in section. When 
these are wide it is usual, if the surfaces are not 
continuous, to fit a central support on the cross 
rail between the arbor bearings. Since the 
work of tooling broad surfaces sets up severe 
stresses on these machines, their framings and 
entire fittings have to be made substantial 
enough to absorb all vibrations, which would 
cause chatter, and vibration, and produce 
inaccurate work. The cost of cutters is high, 
but they can be reset and reground through a 
long life. 

Rotary Planers. These are face milling 
machines, with horizontal spindles carrying 
large heads with inserted cutters, used for 
facing work, fed past ona travelling table, or, 
the head is fed past the work on a fixed table. 
The design is old. It is valuable chiefly in 
constructional work, for planing-the ends of 
rolled sections, and also in engine building, for 
tooling the feet of standards and beds, etc. There 
are perhaps a dozen distinct variations on this 
simple design. 
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ELECTRO-TECHNICS FOR MECHANICAL STUDENTS 


By A. P. YounG, O.B.E., M.L-E.E. 


LESSON XI 
ALTERNATING CURRENT 
APPARATUS AND SYSTEMS 


ALTERNATING. current (A.C.) is widely adopted 
for the distribution of power and light, mainly 


4h 


Current or E.M.F. 


Fic. 76. AN ALTERNATING CURRENT WAVE, 


because of the ease with which electrical energy 
transmitted with this system can be transformed 
from one voltage to another. Electrical energy 
can be transmitted over long distances by the 
A.C. system of distribution with a considerable 
saving in cable cost and transmission losses, 
because of the high voltage that is permissible. 


THEORY OF ALTERNATING CURRENTS 


(a) Alternating Current and E.M.F. An elec- 
tric current which passes through a complete 
cycle of changes in magnitude and direction at 
regular intervals is called an alternating cur- 
rent. When dealing with the principle of 
operation of the D.C. generator, it was explained 
that the induced E.M.F. in the armature wind- 
ings was alternating in character, as illustrated 
in Fig. 51, on page 938. The current generated 
by such an E.M.F. would also alternate, first 
flowing in one direction and concurrently chang- 
ing in magnitude, and then reversing its direc- 
tion with similar changes in magnitude. A 
complete cycle is shown in Fig. 76, and consti- 
tutes a positive half cycle and a negative half 
cycle. The time taken for one complete cycle 
of changes is called a period, and the number of 
periods per second is the frequency, or, as it is 
sometimes termed, the periodicity, represented 
by (+). The’ frequencies adopted for A.C. 
supplies in this and other countries vary from 


25 te 100 cycles. The most common frequency, 
however, is 50 cycles. 

(5) Equivalent A.C. and D.C. Values of Cur- 
rent. Since an alternating current is con- 
stantly varying in amplitude, it is necessary to 
decide upon some numerical value of current, 
which shall be equivalent in effect to a contin- 
uous current of the same value. The heating 
effect of a current at any instant depends upon 
the square of the current value at that instant. 
Therefore, if an alternating current is to pro- 
duce the same heating effect as a continuous 
current,*,the mean value of the square of the 
current over a period must be equal to the 
square of the continuous current. The numeri- 
cal value chosen is, therefore, the voot-mean- 
square, or, abbreviated, the R.M.S. value. This 
applies to both E.M.F. and current. 

(c) Sine Law Wave Form. In dealing with 
A.C. problems, it is assumed that the wave 
forms of E.M.F. and current follow the simple 
sine law and, in general, this assumption is 
sufficiently accurate. It is also found in prac- 
ticé that the wave forms of alternating E.M.F.’s 
and currents closely approximate the simple 


+ 


Current and E.M.F. 


Fic. 77. SHOWING LAGGING CURRENT WAVE 
FOR AN INDUCTIVE CURRENT 


sine wave. On the basis of this assumption, 
the ratio 
R.M.S. value I 
maximum value 4/2 | mite! 


This ratio is termed the amplitude factor, and, 
knowing the R.M.S. value, we can easily deter- 
mine the maximum value reached by the 
alternating wave. 
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(d) The Effects of Resistance, Inductance, 
and Capacity in an A.C. Circuit. In order to 
determine the current flowing in a D.C. circuit 
it is only necessary to consider one factor, viz., 
resistance, when a given E.M.F. is applied. 
With A.C. circuits, however, the problem is 
more complex, owing to the introduction of 
two other factors, viz., inductance and 
capacity. Not only do these factors affect the 
magnitude of the current, but they also cause 
the current wave to be displaced in relation to 
the E.M.F. wave applied to the circuit. 

The constantly varying current flowing 
through an inductance results in the generation 
of a counter E.M.F. of self-induction, which is 
displaced in time relative to the current wave 
by a quarter of a period (go°). If we regard 
one complete cycle as 360°, then the self-induced 


Freactance, X 
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E.M.F. wave is displaced by 90° from the cur- 
rent wave, and the current changes are thus 
caused to occur later than those of the applied 
E.M.F. The current is then said to be lagging 
in phase, and Fig. 77 shows the phase relation- 
ship between the applied E.M.F. and current 
waves in a typical inductive circuit. 

Electro-static capacity, as, fer example, in 
the form of an electric condenser, results in a 
leading current, i.e. the changes in current occur 
earlier in time, in respect of the changes in the 
appled E.M.F. 

We will now consider the separate and com- 
bined effects of resistance, inductance, and 
capacity. 

I. Resistance. If the circuit be one of 
resistance only, then the current and E.M.F. 
changes will be in phase, and the current in 
the circuit will be determined in the same 
manner as for a D.C. circuit, thus— 


applied E.M.F. (EF) 
Current (J) = resistance (R) 


2. Inductance. For a circuit in which the 
inductance is so large that, by comparison, the 
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resistance is negligible, the current is computed 
from the equation 


E 
LT (35) 
Where J = current in amperes. 
E = applied E.M.F. in volts. 
L = self-induction in henries. 


p = 2m X frequency (f). 

The quantity Lp is usually called the induc- 
tive-reactance. 

The effect of the inductance, assuming the 
resistance of the circuit to be negligible, would 
be to cause the current changes to lag behind 
those of the applied E.M.F. by a quarter of a 
period or go°. 

3. Combined Resistance and Inductance. To 
take the more general case of a circuit con- 


Aa 
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Fic. 79. GRAPHICAL REPRESENTATION OF USEFUL. 
AND IDLE CURRENT IN AN A.C. CURRENT 


sisting of both resistance and inductance, the 
current is given by the equation— 


E 
4/ kR?2 aL Lp? (36) 


The quantity ~/R? + 162 is termed the 
impedance of the circuit,.and the tangent of the 
angle of lag will be proportional to Lp/R. When 
the resistance is large in relation to the reactance 
the phase displacement of the current wave 
relative to the applied E.M.F. wave will -be 
small, and vice versa. 

4. Capacity. The current flowing in an A.C. 
circuit comprising capacity_only is given by the 
equation 


E 
I= E.K.p = — 


Tht (37) 
Kp 
Where K = capacity in farads, 
and = 2nf. 


1/ Kp is called the reactance of capacity. 


Capacity has the effect of causing the current 
to lead in phase relationship with the applied 
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E.M.F., and, in the extreme case of a circuit 
of capacity only, the current wave would be 
go° in advance of the applied E.M.F. wave. 

5. Combined Resistance, Inductance, and 
Capacity. For a circuit consisting of all three 
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factors in series, the current flow is determined 
from the equation— 


E 
t= Vi + (Lp-3/ Kp (38) 


The reactance of the circuit would be that 
due to the inductance and capacity, and is 
represented by (Lp-1/Kp). The impedance 
will be the quantity »/R® + (Lp-1/Kp). 
Since the effects of inductance and capacity 
on the phase displacement of the current are 
exactly opposite, it will be evident from equa- 
tion (38) that if the reactances of inductances 
and capacity are equal, then the expression 
(Lp—1/Kp) becomes zero, and the circuit is 
equivalent to one of resistance only, in which 
case the current and applied E.M.F. will be in 
phase. 

The angle of lead or lag will be such that 


Lp-1/Kp 
R 


tan 6 = 


and if Lp >1/Kf, the current will lag behind 
the applied E.M.F., whilst if 1/Kp > Lf, then 
the current will be a leading one. 
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The effect on the phase displacement of 
varying the three factors may be studied in a 
graphical manner, by drawing a triangle to 
scale according to their respective values, as 
shown in Fig. 78. The base (A 5) represents 
the resistance of the circuit and the vertical 
side (BC) the combined reactance, due to 
inductance and capacity. The hypotenuse 
(AC) then gives the impedance of the circuit, 
and the angle @ is the angle of phase displace- 
ment between the current and the applied 
E.M.F. 


POWER IN AN A.C. CIRCUIT 


In speaking of the current in an A.C. circuit, 
it is convenient to consider the total current as 
divided into two components, viz.— 

1. The useful current: which is in phase with 
the applied E.M.F. and expressed mathematic- 
ally as I cos 0, and 

2. The idle or wattless current, which is go° 
out of phase with the applied E.M.F., and 
expressed as I sin 0. 

Shown graphically as in Fig. 79, these two 
components are represented by the base (A B) 
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and perpendicular (BC) respectively, whilst 
the total current is given by the hypotenuse 
(AC). 

The power in an A.C. circuit will then be the 
product of the useful current and the applied 
E.M.F., and is expressed as 


(39) 


Cos @ is called the power factor of the circuit, 
and in order that any A.C. system shall operate 


Power = E. I. cos 6 
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efficiently, it is important that the power factor 
be as near unity as possible, 


MALATE RNATORS 

The modern alternating current generator or 
alternator essentially consists of 

1, A stationary armature or stator, and 

2, A rotating field magnet system called the 
YOUOY,, 

It is now general practice to rotate the field 
magnets rather than the armature windings, 


\* 
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becmiuse this simplifies the construction, and, 
furthermore, with the high voltages now uni- 
versally adopted with A.C, systems, stationary 
armature windings can be more satisfactorily 
insulated, Another important point is that the 
current generated is taken direct from the 
stator terminals without the necessity of sliding 
contacts, such as slip rings, 

The field magnets are energized by a low: 
voltage, direct-current generator, called the 
exciter, usually direct coupled to the alternator 


shaft, The current is supplied to the magnet 
ze! Le 
Mi 
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coils through carbon brushes bearing on insu 
lated metal rings on the alternator shaft, and 
connected to the magnet coils, 

The armature core consists of thin, soft iron 
laminations securely fixed to the stator frame, 
and slots are provided into which the armature 
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coils are fitted. Fig. 80, showing a partly 
wound stator, will serve to illustrate present- 
day stator construction, The number of slots 
per pole is usually six, in order that the same 
design of lamination may be used for either 
single, two- or three-phase alternators. Fur- 
ther reference will be made to this later. In 
some cases, however, twelve slots per pole are 
provided, 

The rotating magnet system for low-voltage, 
low-speed alternators, usually comprises a series 
of field magnets, mounted on a cast-iron yoke, 
as shown in Fig, 81, In this case, the pole cores 
are of solid steel, but for medium and high 
voltage machines laminated poles are employed. 

The armature windings of a direct-current 
generator are uniformly distributed over the 
periphery of the core, but in the case of the 
alternator the windings are arranged around 
the armature core as a series of coils, equal in 
number to the field poles. The spacing of the 
coils also bear a definite relationship to the pole- 
pitch of the field magnets, so that the E.M.F,’s 
induced in each of the series of coils shall 
simultaneously attain their maximum values. 
In other words, the changes in the induced 
K.M.I°, in each of the series of coils must be in 
step or phase, : 

Present-day alternators may be divided into 
three classes, viz, 

1, Single-phase machines. 

2. Two-phase machines, 

3. Three-phase machines. 

By far the most important are the last two 
classes. 

Referring to Fig. 82, if we have a coil (1) 
wound in slots A and B, then the induced 
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I.M.I.’s in the conductors “f and B will be 
equal and opposite in direction, and the total 
It.M.F, induced in the coil will be twice that of 
either conductor, At the instant when the 
slots are immediately under the poles, the 
induced I,.M.F, will be a maximum, and as the 
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field magnets continue to rotate, the induced 
E.M.F. in the coil will fall to zero. Further 
rotation will cause the induced E.M.F. to build 
up to a maximum of opposite polarity, and 


oA as 
pole re 1 i. 


Fic._85. THREE-PHASE ALTERNATOR_WINDINGS 


again fall to zero, and then build up to a maxi- 
mum when the slots A and B are again immedi- 
ately under N. and S. poles respectively. This 
cycle of changes in the induced E.M.F. is repre- 
sented by the curve in Fig. 76. 

Now let us consider what is happening 
simultaneously in coil (2), which is angularly 
displaced from coil (1) by half the pole pitch. 
The induced E.M.F. in coil (2) will pass through 
the same cyclic changes as that in coil (1), but 
at the instant when the E.M.F. in coil (1) is a 
maximum, the E.M.F. in coil (2) will be zero. 
Thus, the two E.M.F.’s will have a phase dis- 
placement of a quarter of a period, or go°, as 
shown in Fig. 83. ‘ 

If, then, we have a series of coils such as (I) 
arranged around the stator and connected 
together to form a single winding, the alternator 
will be a single-phase machine. By the addi- 


tion of an independent series of coils displaced 
Phil 
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relative to the first set by half the pole pitch, 
the same alternator will be capable of generating 
two distinct alternating E.M.F.’s, having a 
phase displacement of 90°. Such an arrange- 
ment constitutes a éwo-phase alternator winding. 
The introduction of this second series of coils 
utilizes space around the stator core which other- 
wise would be unused. 
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In a three-phase alternator there are three 
distinct windings, arranged around the stator 
core so that the E.M.F.’s induced therein have 
a phase displacement of 420°, as shown in 
Fig. 84. The spacing of the armature coils 
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of a three-phase alternator is indicated in 
Fig. 85. 


Two- AND THREE-PHASE CONNECTIONS 


(a) Two-phase System. Generally the con- 
nections for generators and Joad on a two-phase 
system are as shown in Fig. 86, where a common 
return, or neutral conductor, for both phases is 
employed. The voltage across the phases is 
4/2 times the voltage between each phase and 
the neutral. The current at any instant in the 
neutral conductor is 1/2 times the phase current 
when the system is balanced. The copper sec- 
tion in the neutral conductor must, therefore, 


be \/2 times that used for each phase conductor. 
In a two-phase common return system, the 
power is given by the formula— 


(40) 


Power = 2 E. I. cos 8 watts 
rs Ph 
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Where, E = voltage between phase and com- 
mon return conductor, 
= line current, 


and, cos @ = power factor of the system. 


(b) Three-phase System. It will be seen by 
reference to Fig. 84 that the algebraical sum 
of the instantaneous E.M.F.’s in the three 
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phases—and this also applies to the currents 
in a balanced system—is. zero, This really 
means that the return conductors of each phase 
can be dispensed with if the three phases are 
interconnected. Therefore, instead of having 
six conductors, that is, two per phase, a “ go” 
and “ return,” it is only necessary to have three 
conductors, thereby effecting a considerable 
saving in copper. 

There are two general methods of connection 
for a three-phase system, viz., star (Y) and 
delta (A) connections. The star connection is 
shown in Fig. 87, and the delta method in 
Fig. 88. With the star connection, the voltage 
across any pair of phase conductors is 1/3 times 
that between any phase and the common point 
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o. The line or phase current is equal to the 
current in the corresponding arm of the Y con- 
nection. When connected in delta fashion, the 
voltage between the phase conductors is the 
same as that across the respective sides of the 
A connection. The line current at any instant, 
however, is 1/3 times the current in each set of 
phase windings, when the system is balanced. 

The power in a three-phase balanced system, 
whether star or delta connection, is given by 
the expression 


Power = 1/3 E.1. cos 6 watts (41) 
Where, E = the voltage between phases, 
I = Jine current 


and, cos 0 = power factor of the system. 
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By Josrru G, Horner, A.M.1.Mecu.E, 


LESSON XII 


THE ERECTION OF ENGINES 
(contd.) 


Vertical Engines. These are built in as many 
variations as the horizontal types. They are 
single cylinder or compound, the crosshead 
slides on a single guide face, or between faces, 
flat, or concave. A single standard may be 
used with or without a stay bar to support the 
overhang of the cylinder. In the methods of 
building up there are many differences. In 
some small engines, base, standards, and cylin- 
der are cast in one piece. More usual is the 
casting of the base with the crankshaft bearings, 
the standards and the cylinder separately. The 
guides may be cast with the standards, or they 
may form a separate casting to be bolted on the 
base, and to be surmounted with the cylinder, 
Each entails some variation in the methods of 
adjustment. 


The twin standard form is the’most common 
having the guides on opposing faces. The 
castings will have been machined on the feet, 
on the top flanges to receive the cylinder, and 
on the guide surfaces. The points to note in 
the erection are: the parallelism of the guides, 
their vertical relations to the base, their right 
angular relations to the crankshaft bearings, 
the axial alignment of the cylinder, and the 
coincidence of its centre with the axis of the 
guides, and of the crank. The base is levelled, 
and a commencement made with the crankshaft 
bearings which are cast with the base. As it 
is not intended to make any adjustments of 
these, but to make them the base of operations 
for the other fittings, the seatings will have been 
bored, the caps and brasses fitted, bored and 
faced, and the caps and top half brasses removed, 
The bearings can be bridged across with a strip 
of wood on which the centre line will be marked, 
or a strip across the bore of each bearing can 
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have a central notch, through which a wire can 
be strained. To either of these the upper parts 
can be plumbed. The level of the bearings 
will have been checked when wedging up the 
base, either with a parallel strip inserted, or a 
piece of parallel shaft tested with a spirit-level. 

From the aspect of facility of erection, the 
design in which the circular guide is one casting 
mounted on the base, and the cylinder is 
mounted on the guides is to be preferred to that 
of separate standards attached to a base. In 
the first the parts are faced and registered cen- 
trally to each other, in the second some lateral 
adjustments are necessary. Here the stand- 
ards are set up first, and the guide faces, plain 
or concave, aligned from a cord plumbed from 
the top of the frames to the centre of the crank- 
shaft. The standards being placed in their 
approximate positions and clamped by their 
feet, a strip is clamped across the top flanges, 
through a hole in which the plumb line is 
dropped to the shaft centre marked on the 
strip below, or to the strained wire. If the 
wire is used this affords the slight advantage 
that the swinging of the line can be arrested by 
immersing the bob in a vessel of oil below the 
cross line. Corrections to secure parallelism 
are made on the feet, or on the facings pro- 
vided for them, and the surface of the first, or 
of the second is not continuous, but is bounded 
with narrow chipping strips. These may not 
have been planed on the foot at precise right 
angles with the guiding surfaces, and the 
erector is able to make minute corrections with 
the file and scrape—minute, because a trifle 
removed from the foot will throw the guide 
surface over by a much larger amount. 

The plumb line has to locate the axis of the 
guides with that of the crankshaft, and with 
the centre of the crank pin, and the parallelism 
of the guides throughout their length. These 
can be tested with a rod gauge, or with internal 
calipers up and down the guides in the axis. 
The feet may have to be moved bodily, or 
corrected to cant the guide faces over in order 
to bring them into parallel relations. To test 
their faces in the transverse direction away from 
the central axis, a thin templet is made to give 
contact with both guide faces, plain or concave, 
notched to clear the wire, and is moved up and 
down. It may be necessary to make some 
lateral adjustments of the standards. Finally, 
the bolt holes are reamed and the standards 
secured to the bed. 

The cylinder now has to be aligned with the 
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guides and the crankshaft. It is treated 
similarly to that on a horizontal bed, with a 
straining line through the axis, The upper end 
is bridged with a strip, and a hole is bored through 
the centre to drop the plumb line through. 
The cylinder may have to be moved bodily in 
lateral directions, its axis being parallel with 
that of the guides but not coincident. Or it 
may have to be tilted with corrections made on 
the top flanges of the standards, The shapes 
of cylinders vary, and the forms of their 
flanges or feet. They may, or may not, be 
registered to the standards. ‘They may be open 
at the lower end with a loose cover, or the end 
may be solid to include the stuffing box, through 
which the line will be centred, 

After the erector has got the main castings 
in their correct relations, equal care has to be 
exercised in the fitting of the moving parts, 
If this work is poorly done the friction will be 
serious and somewhat destructive. The de- 
tailed parts are prepared separately by squads 
of fitters in the large establishments, and brought 
ready to the erector, but in the small shops, he 
with his helpers may do all the vice work, 

The first attention is given to the piston and 
its immediate connections. A piston comprises 
its body, cover, and elastic spring rings. A ring 
in small engines may be in one piece, or in two 
thicknesses, confined between the body and 
cover. Or, two, or three Ramsbottom rings 
may be used in solid pistons. The fitting of 
these rings is not a minor matter, for on it the 
efficiency of their action and their durability 
depend. A ring that makes too tight a fit in 
its groove, or between the piston and its cover, 
will be lacking in the expansive quality neces- 
sary to maintain a steam-tight joint. A ring 
too loose will knock itself to pieces. The rings 
are generally machined very slightly over 
thickness, leaving to the fitter the task of 
scraping their faces to make close yet elastic 
contact. Rings are cut diagonally to prevent 
scoring the cylinder. After their insertion, the 
piston should be tried along the whole length 
of the bore to test its freedom of movement 
throughout. Many of the larger pistons have 
helical springs bearing against the internal 
diameters of spring rings to maintain a measured 
degree of contact of the rings with the cylinder 
bore. The piston-rod with a tapered end, or 
parallel and shouldered, is secured with a nut, 
The union must be made without any suspicion - 
of slack fitting, which, if present, would cause 
trouble in working. 
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The piston-rod cannot be regarded alone, but 
it must be associated with the crosshead and 
connecting rod. It is fitted with a parallel, or 


a tapered end into the boss of the crosshead, 
and secured with a cotter (Figs. 74 to 76, shown 
Afterwards. minute ad- 


on pages 1062-1065). 
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that the rods shall align, and that’ the length 
from the piston faces to the crankshaft brasses 
shall be correct. If the first are not aligned, then 
the friction of the crosshead and of the piston 
and its rod will be in excess on one side, and if 
the second is not correct there will be trouble 
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justments for length to the crank pin are made 
in the brasses at the big ends of the connecting 
rod: in Fig. 77 with a cotter, in Fig. 78 with 
packings between the flat end of the rod and the 
brasses. The connection between the crosshead 
and the connecting rod is made with a parallel 
pin fitting transversely, Figs. 73 and 75, going 
through the crosshead and the little end of the 
rod. The little end has no provision for 
adjustments lengthwise. It may be bushed 
solidly, Fig. 77, or have half brasses, Fig. 78. 
In some cases, the end is embraced by the 
crosshead, Fig. 73, but generally, the forks of 
the rod flank the crosshead. The crosshead, the 
smallest excepted, has slipper plates (Figs. 73 
and 74) variously secured, which are adjusted to 
take up wear and also at the time of fitting 
up the engine. 

In the union of these parts, two essentials are, 


with the clearances between the piston faces and 
the cylinder ends. Some easing of the parts . 
will be necessary, but it must be done in such a 
way as to preserve alignment. 

The piston and connecting rods are packed.up 
on a level table with the crosshead pin verti- 
cally. The piston-rod is levelled parallel with 
the table, and its axial centre taken with a sur- 
face gauge. The centre line of the connecting 
rod is scribed along it, and this has to be 
levelled with that of the piston-rod. The sides 
of the small end of the connecting rod will be 
filed or scraped to a close fit with the crosshead 
when the two rods are aligned. ~The amount to 
be removed will be slight, because a little differ- 
ence on the faces will be multiplied by the length 
of the rod. The holes for the pin may have to 
be scraped a little more on one side than on the 
other. At the same time, slippers must be 
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checked to ascertain whether they stand out 
equidistantly from the centre. The gudgeon 
must be secured according to the method 
employed. 

At this stage the next adjustments are those 
for getting the precise distance between the 
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the final adjustments for clearances, the piston 
is first brought into actual contact with the 
insides of the cylinder covers. These extreme 
positions are scribed on the crosshead slipper 
and on the guide, one corresponding with the 
other—a ‘permanent record for future refer- 
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piston faces and the crank pin brasses, which 
are adjusted with a strap and cotter. To deter- 
mine the exact lengths from piston crank pin 
the piston is tried in the cylinder with the 
clearance allowance at each end. It is slight, 
but necessary, and its amount is stated on the 
drawings. In vertical engines rather more 
allowance is made at the lower end than at the 
upper, but in the horizontal type it is equal. 
Another matter to note is the bell-mouthing or 
counter-bore. A spring ring must not go past 
the parallel-bore, though it may just enter the 
counter-bore. The diagonal splits in rings must 
be kept right away from the steam ports, to 
avoid risk of their opening out there. To make 


ence when readjustments of the brasses are 
required. 

The valve gear is usually prepared complete — 
from a full-sized drawing, or from a model. If 
this is not done, the lengths of the link connect- 
ing rods have to be trammelled. The valve is 
set for the lead openings at each end with a thin 
feeler strip. The eccentrics and their straps 
will have been keyed on the crankshaft, and the 
erector has to adjust and connect these to the 
link motion and the valve rod. There are 
several minor connections—glands, lubricators, 
pump, governor, fly-wheel, and packings, all 
prepared ready for rapid mounting in their 
places. 
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OUTLINES OF AUTOMOBILE ENGINEERING 


By J. L. Mirrigan, B.Sc. (Vicr.), M.1.A.E. 


LESSON VII 
IGNITION 


In the earliest internal combustion engines the 
ignition of the mixture was done by a small 
tube projecting from the cylinder, closed at the 
end, and maintained at incandescent tempera- 
ture by alamp. When the gas was compressed 
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the hot tube ignited it, some control of the 
ignition position being obtainable by tempera- 
ture of tube and by the length of the passage 
from cylinder to tube. Such tubes were mostly 
of platinum for automobile work, but puddled 
iron, porcelain, and quartz have been in use. 
Electrical ignition is in use in three principal 
forms. They all involve the use of a sparking 
plug whose general form is known to every one. 


The apparatus must pass an electric spark 
across a gap of -o15 to 0-25 in. under a gas 
pressure of 80 Ib. per sq. in., and be capable of 
accurate timing. It must be adjustable in its 
timing so that the driver has control over the 
point at which the spark occurs in the stroke of 
the pistons. 

It must spark at speeds as low as 100 rey. per 
minute of the engine, and as high a speed as the ° 
engine runs, say, 3,000 rev. per minute. To pro- 
duce a spark at the plug under the conditions 
mentioned requires an E.M.F. of many thousands 
of volts, and this cannot be obtained direct from 
a battery or from any simple dynamo. A 
transformer is therefore used in the circuit. 
Modern wireless construction has familiarized a 
very large section of the public with electrical 
terms, and it is not proposed here to treat of the 
action of transformers, except to state generally 
that if two coils of wire are co-axial and a current 
is passing in one, then any change of current 
produces an electromotive force at the ends of 
the other, so that if it forms part of a closed 
circuit a current will flow; the value of this 
E.M.F. depends on the rate of change of the 
current, the number of turns in the two coils, 
and the nearness of the coils to each other. 
This was Faraday’s discovery. He also found 
that if a soft iron core was introduced into the 
coils the effect was very greatly increased. If 
a few thick turns are used in the primary and 
a large number: of turns (which need only be 
very fine) in the secondary, then the more rapid 
the break the higher the secondary voltage. 

The break can be obtained by a cam opening 
and closing a switch, as shown (Fig. 32). 

As the current is apt to cause an arc at the 
switch the break is not dead sharp and hence a 
condenser is fitted across the break points, 
which are of a non-oxidizable and. hard metal. 
Platinum, tungsten, and compounds of iridium 
are generally used. Before dynamos were 
fitted for lighting, the battery and coil igniter 
had to be designed to use the smallest possible 
current in order to give long runs without 
recharging batteries. This restricted engine 
speeds very severely. 

When the switch of the contact breaker 
is closed and current begins to flow, the 
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self-induction of the coil and its core of iron wire 
delays the passage of the energy, and there is a 
measurable time until the current reaches a 
maximum value and the maximum magnetic 
strength of the core is reached. This point is 
known as “ saturation point.” 

If the engine is a four-cylinder one running 
3,000 rev. per minute there are 6,000 explosions 
per minute, and the period from contact to 
contact is -orosec. It is therefore necessary 
to have the shortest possible time of open 
circuit on the primary if high speeds are to 
be attained, unless separate coils and contact 
breakers are used for each cylinder or pair of 
cylinders. In order to convey the current to 
the correct plug a rotating switch, called a 
__ distributor, has an arm which comes in turn to 
~ contacts leading to each plug, this arm runs at 
half engine speed. It is usual to combine this 
with the contact breaker, and put as many 
cams on the common shaft as there are cylin- 
ders, the cam is then a square for four cylinders, 
a hexagon for six cylinders. As the time for 
one operation is so small at high speeds, satura- 
tion point is not reached and the coil is designed 
to work below that point. At slow speeds this 
allows of saturation and, to save the coil from 
overheating under this excess current, especially 
if the engine stops on contact, a coil of wire is 
introduced in the circuit, known as a “ ballast ”’ 
coil; it is made of a metal whose resistance 
rises rapidly with rise of temperature, this acts 
as a check on the coil. As an appreciable time 
occurs between the opening of the contacts on 
the contact breaker and the passage of the spark 
at the plug it follows that, if the spark is to 
occur at the same part of the cycle in the 
cylinder, contact must be made earlier when the 
engine runs faster. This is the function of the 
‘ignition advance lever”’ under the driver’s 
control. The actual ignition point needs to be 
advanced somewhat owing to the time taken to 
propagate the explosion, but the coil is the chief 
offender, and many coil sets are fitted with a 
governor of the ordinary centrifugal type as on 
gramophones, large steam-engines, etc., which 
alters the relation of the cam to the shaft it is 
on. This gives an automatic advance and 
retard. 

If the rear edge of the fly-wheel be polished 
and smeared with petrol or turps and a wire is 
brought close to it in some fixed point, then if a 
spark be passed at this wire instead of at a 
plug, momentarily, by a two-way switch, a 
black mark is shown where the petrol was burnt, 
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this enables the lag of the coil to be measured 
by comparison with the position, when the 
engine is slowly turned, of the corresponding 
black spot. 

The second type of ignition appliance is 
to-day only used on one vehicle, the Ford. In 
this case instead of a battery there are on the 
fly-wheel a number of permanent steel magnets, 
horseshoe shape, with their poles outwards. 
These pass the ends of coils fixed to the engine 
casing so that the core of the coil is constantly 
changing its magnetic strength. This produces 
changes of E.M.F. in the coils which are all 
connected together, one end being led to a 
revolving switch in front of the engine whence 
current is led in tum to each of four trans- 
formers or “coils” on the dashboard. The 
secondaries of these being coupled to the plugs. 
As the opening and closing of the switch by the 
engine cannot be made quick enough to give 
the requisite spark, a second contact breaker 
or buzzer is fitted on each coil, when the coil is 
partly saturated, its core draws the “ buzzer ”’ 
blades apart, stopping the flow of current and 
producing a secondary spark. The core having 
no circuit to keep it magnetized lets the buzzer 
return, contact is established, and another 
spark. There is thus a succession of sparks. 
This system is simple, cheap, and well under- 
stood. No buzzing, no sparks. The gap on the 
coil contacts has to be adjusted until the right 
note is found. The switch on the front of the 
engine camshaft can be rotated in relation of 
the engine case so as to vary the ignition 
position. 

The next system is the magneto with self- 
contained coils. 

There are two types in use, the rotating coil 
and the polar inductor. A magneto of the 
Simms type is shown in Fig. 33. An armature 
(a) rotates on ball bearings between the poles 
of strong steel permanent magnets which produce 
a powerful magnetic field. It is wound in two 
sections, one of which is the primary winding, 
consisting of a few turns of thick wire; the 
other being the secondary winding which con- 
sists of a large number of turns of fine wire. 
The rotation of the armature in the magnetic 
field generates a strong electric current in the 
primary winding. This current reaches a maxi- 
mum value twice in each revolution. At this 
point of maximum value the circuit is inter- 
rupted by the opening of the contact breaker 
which is similar to the contact breaker previ- 
ously described. The effect of this is to induce 
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a high tension current in the secondary winding, 
this is conveyed to the insulated ring (c) from 
which it is collected by a carbon brush and 
conveyed to the distributor (d) whence, as 
before, it is passed to each plug in turn. One 
end of the primary is led to the body of the 
magneto and also one end of the secondary. The 
insulated cover (e) carries a carbon stud which 
rubs on the “ live ” end of the armature primary 
and, if the circuit from this stud to the frame 
or “earth” is closed, there can be no interrup- 
tion of primary current and no spark. This is 
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ORDER OF FIRING 

Four-cylinder engines fire either I, 2, 4, 3, 
or I, 3, 4, 2. Six-cylinder engines can 
fire various ways, according to the angle 
of the cranks, i.e. if No. 2 follows No. 1 or 
leads it. 

A common firing is I, 5, 3, 6, 2, 4. This does 
not allow two adjacent cylinders to fire in 
succession, allowing better distribution in the 
inlet pipes and exhaust pipe. 

The modern magneto is an extraordinary 
example of the results of patient research in 
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the way the magneto is ‘‘ switched off.” As 
in the coil ignition, a condenser is placed across 
the switch to give a rapid break of current. 

There are many makes of magneto all with 
substantially the same system of operation 
differing in detail, but the external dimensions 
have been standardized to a wide degree to 
enable interchangeability to be attained, and 
there is thus a strong family resemblance 
although the internal arrangements may be 
different. 

As magnetos of this type give two sparks per 
revolution they run at engine speed for four- 
cylinder engines, and one and a half times 
engine speed for six-cylinder engines. The 
distributor, of course, runs at half engine speed 
in each case, the gear reduction being therefore 
1/2 for a four-cylinder engine and 1/3 for a 
six-cylindered one. 


materials and especially in insulation materials. 
Owing to the high speed of rotation great 
mechanical stresses are imposed on the windings, 
also, when a coil is charged the coils tend to 
come together imposing stresses on the insula- 
tion of no mean amount considering the thin- 
ness of the enamel, the high temperatures, and 
the frequency of the stresses. Thin enamel is 
necessary in order to get the maximum amount 
of winding on the armature. _ 

The “ gap”’ at the breaker points is of con- 
siderable importance, it should- not exceed 
016 in. and not be less than -or2 in.; the 
former figure should be adhered to as closely 
as possible. The gaps on the two cams should 
be exactly the same, but it sometimes happens 
that the cone by which the contact breaker is 
fitted to the armature is not thoroughly clean 
when reassembling after adjustment, and the 
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gaps will then vary. The great enemies of 
magnetos are dirt and water. 

Although perfectly watertight magnetos can 
be purchased, the usual magneto has a few 
holes to ventilate the machine and prevent 

“sweating.’’ It is essential that in washing, 
water be not driven into the machine with a 
hose, and oil should not be dripped or allowed 
to creep over it. This rots the insulation and 
provides a lodgment for dust which forms a 
conductor. The timing of a magneto is done 
by rotating the ring carrying the cams. The 
usual angle is 30° or 35°, the usual setting is such 
* that the break occurs when the piston is at the 
top point with the magneto cams fully retarded, 
i.e. moved right forward in the direction of 
rotation. 

The primary voltage rises with the increase in 
speed and there is not, therefore, so much 
necessity to vary ignition as in the case of coils. 
Automatic governors are in use, also impulse 
starters which can be set at starting so that 
the magneto shaft is driven by a strong spring, 
and a catch arranged to stop the magneto shaft 
about 30° before the firing point. Just at the 
firing point the catch is automatically tripped 
and the armature is violently jerked by the 
spring through the firing position, it is then 
possible to generate a hot spark with a slow 
turning of the engine. This is in use on many 
heavy vehicles. 

On lorries, where engines are frequently 
governed, the ignition is often fixed, also on 
many omnibus services it is so done for simpli- 
city of control. 


RADIATORS 


As stated before, if engines were not cooled 
the temperature would rise to a point where 
lubrication would become impossible, and no 
metal would retain its properties. 

Small engines and many aeroplane engines 
are direct air cooled. Automobiles are, with 
a few exceptions, water cooled. 

The cooling is carried out in a radiator, a 
much misnamed object, which is so designed 
that it cannot radiate much heat. Heat is 
abstracted by conduction to the air which is 
drawn through by a fan or by the car’s motion. 
There are three forms, tube, film, and honey- 
comb. The first consists of two tanks top and 
bottom with a row of tubes passing from one 
to the other, either plain or with metal fins 
threaded on to give a larger surface’ exposed to 
the air. This is not a cheap construction, but 
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is used in both large and small cars, expensive 
and cheap. It is universal among omnibus and 
lorry manufacturers as it is easy to repair. 
There are usually three or four rows of tubes, 
more are worse than useless, as the resulting 
choking of the air stream more than counter- 
acts the added cooling surface. This is not a 
light construction as the tubes have to be of 
substantial gauge, also the fins. The honey- 
comb consists of a number of tubes laid hori- 
zontally, each expanded at its ends into either 
a square or hexagon. These ends are tinned 
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pigs Plan on top of tubes 
showing opening out. 


Fic. 34. FILM oR RIBBON RADIATOR 


externally, and a stack the size of the radiator 
front made up in a framing and the ends 
“dipped ”’ in solder, this tube stack is then 
fitted into a tank which surrounds it with very 
little space at the sides. A tank is thus formed, 
crossed front to back with many air tubes, the 
water space between them being that provided 
by the swelling of the tube into a square or 
hexagon. 

This is a very light construction but costly 
and very difficult to repair, as well as uncertain 
in use. The appearance is good, but can be 
easily imitated on the front tube fins of the tube 
type. The jilm radiator consists of vertical 
tubes of peculiar shape (Fig. 34). Let the 
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reader picture two lengths of corrugated sheet 
(as used for roofs, etc.) standing on edge with 
ridges horizontal, and the sheets separated by 
asmallamount. The vertical edges are soldered 
together. There is now a corrugated tank open 
top and bottom. If another such element is 
now put touching the first but turned round 
so that ridge meets ridge, and a third, fourth, 
etc., all the touching ridges being soldered 
together. If the top and bottom openings are 
opened out so that the walls are joined together, 
this nest of tubes can be fitted with top and 
bottom tanks and is a “film” radiator, ‘This is 
not the exact method of construction, but gives 
a good idea of the system, It is used on a large 
number of popular makes, Owing to the support 
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from adjacent members and the rigidity due 
to the corrugated form it is very strong, there 
is not much soldered joint, and it can be made 
of very thin material as rolled sheets are used 
which can be of thinner gauge than tubes. 

Radiators are now chiefly made with a false 
outer shell to take the polish and supply the 
distinctive appearance, thus masking the radia- 
tor itself which can have its joints and construc- 
tion settled on technical and commercial grounds 
without sacrifice to the aesthetics of the situa- 
tion, Incidentally, a ‘“V" or stream-lined 
front to a radiator throws off air which should 
go through it, and needs a great deal of tubing ~ 
to maintain the same efficiency as a flat-fronted 
tube block. 


RECIPROCATING STEAM-ENGINES 


By ENGINEER Linut,-COMMANDER T, ALLEN, RN. (8.2) 


LESSON X 


ENGINES FOR USE WITH 
UTILIZATION OF EXHAUST 
STEAM 


Field of Application. The serious loss repre- 
sented in condensing steam-engines by the heat 
rejected to the condenser cooling water, can 
be avoided or greatly minimized in industries 
requiring both power and low pressure steam 
for heating or process purposes. Such cases 
are to be found in paper mills, bleaching, dyeing 
and chemical works, tanneries, woolcombing 
and weaving sheds, sugar refineries, public 
institutions, hotels, etc. A common practice 
in such undertakings is to generate power 
in a condensing prime mover—with accom- 
panying heat loss to the condensing water— 
and to supply low pressure steam through a 
reducing valve from the main boilers, or from 
a battery of low pressure boilers, Occasionally, 
electrical energy is purchased from an outside 


source for power purposes, and boilers installed 
solely to generate the low pressure steam. Such 
methods imply comparative inefficiency of heat 
utilization, In the case of the reducing valve, 
advantage is not taken of the pressure drop 
from boiler to process steam pressure—the 
steam being merely throttled through the 
valve with, as a rule, useless increase of 
temperature, Where separate boilers are 
used for the process steam, fuel is burnt to 
generate steam at low pressure, which, by 
a small increase in the amount of fuel con- 
sumed could be used to produce steam at a 
pressure suitable for expansion in an engine 
cylinder, 

Principle of Operation. The heat imparted 
per pound of dry saturated steam at 25 lb. 
gauge pressure is, from the steam tables, 
1,170 B.Th.U.’s, and the total heat per pound 
only increases to 1,282 B.Th.U,’s if the steam 
is raised to 180 lb. gauge pressure, superheated 
150° Ff, Th other words, the high pressure 
superheated steam may be produced with an 
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expenditure of fuel less than Io per cent greater 
than that required to generate the low pressure 
saturated steam. It has been shown in Lesson 
VIII that the steam consumption of an engine is 


expressed by the relation, Cee ip. /i-h.p./hr. 


H aN 
where H, is the adiabatic heat drop from the 
initial to the final conditions, and 7, is the 
efficiency ratio. 
If, in the above case, it is assumed that the re- 
duction from the high pressure and temperature 
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cent greater than that required to generate the 
low pressure steam alone, in a separate battery 
of boilers. The engine acts, as it were, as a 
reducing valve ; power being produced without 
cost other than capital charges and operating 
expenses. This is the principle adopted in 
back pressure and steam extraction engines, 
and the source of the large economies possible 
where such engines are installed under 
proper working conditions, is apparent. It is 
obvious from the expression for C,, that the 
steam consumption becomes smaller as the heat 
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to the low pressure occurs during expansion in 
a single-cylinder back pressure engine 7, will be 
in the region of -8, and from the Mollier chart 
H, = 140 B.Th.U.’s per lb. The steam con- 
sumption of the engine per i.h.p. hour is, there- 
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140 4 A 22°7 lb. From this it 


fore. C= 
will be seen that for every 1,000 lb. of steam 
supplied per hour to such an engine, about 
45ih.p. may be produced. The steam is 
exhausted from the cylinder at a pressure of 
25 Ib. gauge suitable for process use, and both 
the power and process steam are produced 
with an expenditure of fuel, less than 10 per 


drop is increased, i. as the superheat is 
increased and the back pressure reduced. It 
is, therefore, important in such installations to 
reduce the back pressure to the lowest limit 
consistent with the proper working of the pro- 
cess machinery, and to utilize a high degree of 
superheat. The initial steam pressure is fixed 
by a consideration of the pressure drop required 
to give satisfactory expansion ratios or cut-offs 
when exhausting against the desired back 
pressure. 

Control of Back Pressure Engines. It rarely 
happens in an industrial works that the demand 
for low pressure steam is exactly met by the 
quantity of steam supplied to and exhausted 
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from the engine when generating the necessary 
power. At times of comparative high load and 
low steam demand, more steam is exhausted 
than is required in the process machinery and 
the surplus must, therefore, be exhausted to 
atmosphere or, in suitable cases, to a steam 
accumulator. Conversely, if the steam demand 
is high and the load low, steam must be by- 
passed from the boilers through a reducing 
valve into the process main. In correctly 
designed installations, the atmospheric exhaust 
and reducing valves are controlled automati- 
cally by a pressure governor actuated by the 
pressure in the process main, which opens one 
or other of the valves in accordance with the 
requirements of the moment. The speed of 
the engine is controlled by a speed governor, 
which regulates the cut-off to give uniform 
speed under conditions of varying load or 
boiler pressure. Where such a dual governing 
system is applied, the plant is capable of 
maintaining automatically, constant speed and 
process steam pressure. Steam exhausted to 
atmosphere represents a definite thermal loss, 
and back pressure engines are only justified 
when, during the greater portion of the time, 
the steam passing through the engine, at all 
loads, can be utilized in the process work. In 
suitable cases it is possible to omit the pres- 
sure governing device, and the engine is governed 
for speed only. The quantity of steam passing 
through the engine then depends on the load, 
and the back pressure is not constant. Where 
a back pressure engine can be connected me- 
chanically or electrically with another prime 
mover which regulates the speed, the valve 
gear may be controlled by a pressure governor, 
so that the load developed by the engine is 
governed by the demand for process steam, and 
highly economical working becomes possible. 
An overspeed device must be fitted to the engine 
to avoid the possibility of danger in the event 
of failure of the speed governor of the con- 
trolling prime mover. An automatic reducing 
valve may be fitted to by-pass any deficiency of 
steam at reduced pressure from the boilers. In 
all cases, these valves may also be used to 
by-pass steam at times when the engine is 
stopped, if the source of hydraulic pressure for 
working the pressure governor is independent 
of the engine. Non-return valves should be 
fitted in the process main to prevent steam 
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passing back from the main to the engine, e.g. 
when the latter is stopped, and a sluice valve is 
also fitted, as a rule, close to the non-return 
valve, for the purpose of isolating the piping 
when required. 
Description of Back Pressure Engines. Fig. 32 
is a photograph of a modern horizontal back 
pressure engine, from which the general features 
of the design may be observed. The engine is 
totally enclosed and forced lubricated, and the 
steam and exhaust valves are operated by 
eccentrics from a layshaft driven through bevel 
gears from the crankshaft. The speed governor 
is visible in the photograph, and in this design 
the governing forces are transmitted through an 
oil relay to gear which varies the lift of the 
double-beat drop valves. Speeds vary between 
too and 200 r.p.m., according to size, and the 
drive may be direct or through ropes, belts, or 
gears. Back pressure engines may also take the 
form of high speed engines with compound or 
non-compound cylinders. They may be applied 
either as independent units or in groups exhaust- 
ing wholly, or in part, to the heating mains or to a 
condenser or atmosphere, in accordance with the 
load and heating steam demands of the moment. 
Example of Savings. The following com- 
parison between the performance of a_hori- 
zontal back pressure engine, as shown in 
Fig. 32, and a condensing engine, with separate 
generation of the process steam, exemplifies 
the economies made possible by the first-named 
prime mover— 
Initial steam 190 lb. gauge pressure, super- 
heated to 575° F. 

Normal process steam 7,500 lb. per hr. at 5 1b. gauge 
demand pressure. 

Normal load 4501.h.p. 


Total live steam required by back 
pressure engine for power and 
process steam requirements. = 7,500 lb. per hr. 


Live steam required, say, by con- 
densing Unaflow engine, for 
power requirements only 

Add live steam equivalent of 7,500 lb. 
per hr. process steam. ; = 6,600 lb. per hr. 


= 4,800 lb. per hr. 


Total live steam required for con- 
densing scheme : =11,400 lb. per hr, 


Saving in}favour of back pressure engine = II,400 — 
7,500 = 3,900 lb.-hr., or 34 per cent over the con- 
densing scheme. 
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| FANS AND BLOWERS | 
THEIR CONSTRUCTION AND OPERATION 


By F. G. Waurpp, A-.M.I Mecu.E., A.M.1.H.V.E. 


LESSON VII 
PRESSURE FANS 


For creating and maintaining pressure above 
that of the atmosphere, or for the maintenance 
of a partial vacuum, fans of different design to 
the propeller are necessary. They may broadly 
be divided into two classes, viz. peripheral flow 
and delivery, usually termed diametrical flow 
and centripetal flow and peripheral delivery, the 
latter type being the most common in this 
country. This pattern, too, is often referred to 
as mixed flow fans, but are generally known as 
centrifugal fans. 

Diametrical Flow. An excellent example of 
this type of fan is the “ Mortier,” a, general 
section of which is given in Fig. 23. 

The action of this air-mover, as will be 
observed from the diagram, is similar to that of 
a water paddle wheel, the air being scooped 
up at the circumference of the blades at the 
inlet passage A. It is then taken round with 
the runner for about a half revolution and 
delivered into an expanding chimney B. 

The channel, or by-pass C, permits of a 
certain excess of air being handled, this air 
being induced by a partial vacuum tendency 
here and by friction set up by the revolving 
wheel. 

It is possible that a certain percentage of the 
air drawn in by a fan of this class is carried 
completely round by the runner, thereby 
reducing its volumetric efficiency. To prevent 
this action as much as possible and to ensure 
delivery at the proper point, the upper portion 
of the envelope is fitted as near to the periphery 
of the wheel as practical considerations permit. 

It will be evident that the casing is an 
essential part of the apparatus, for without it 
there could be no definite flow. 

The blades are curved towards the direction 
of rotation, whereby they tend to scoop the air 
up when working, and their roots are straightened 
out so as to incline radially, which permits of 


_ the air entering the body of the wheel without 


serious check. 

This pattern of fan does not appear to have 
found much favour in this country, though it 
has done and is still doing useful work in some 


of the Continental mines, mine ventilation 
appearing to be its chief province. 

Centripetal and Peripheral Flow. A mixed 
flow or centrifugal fan consists of a runner 
rotating within a suitably shaped housing, 
usually of spiral formation. Unlike the fan 
above described, however, it is quite practicable 
and often desirable for the runner to function 
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Intake 


Inlet 
Passage 
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Fic. 23. THE “‘ MortTIER FAan”’ 


without any exterior casing. In such a case 
the apparatus is known as an “ open running 
centrifugal fan.” 

In order to obtain a clear conception of the 
action of a mixed flow fan, let us assume that 
we have a bladed runner having two solid side 
cheeks as in Fig. 24. This runner would also 
be similar in principle to the “ Mortier ” wheel, 
described above. For the purposes of our 
example there is no casing whatever. 

If such a wheel be revolved in free atmosphere 
there will be a tendency to throw out the air 
within it owing to centrifugal action, and a 
slight minus pressure or partial vacuum will be 
present at the centre of the runner. The 
throwing out action will occur in all directions 
radiating from the fan axis, but as no air can 
enter to fill up the vacuum formed, no flow can 
take place through the fan. There will pro- 
bably be some disturbance of the air around 
the fan periphery caused through friction, and 
a flow of the external air around the wheel is 
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likely to occur if the speed of the fan is 
considerable. 

If now an orifice be formed in the centre of one 
or both of the side cheeks, the tendency to form 
a partial vacuum at the fan centre is overcome 
by the rush of air passing through these orifices, 
and a flow results as indicated by arrows in 
Fig. 25. 

Form of Work Done by a Centrifugal Fan. 
Like the propeller fan, the centrifugal fan does 
work upon an air stream by increasing its 
momentum, but it is capable of creating very 
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much greater air speeds than the former 
apparatus. . 

When the air column enters the eyes—as the 
orifices in the side cheeks are termed—it is 
immediately seized upon by the blade roots and 
thrown outwards towards the circumference of 
the fan wheel, from whence it is delivered 
tangentially. Kinetic energy is imparted to the 
air by reason of its increased momentum, due 
to the ever increasing product of the radius and 
tangential component of the absolute velocity 
of the air. 

The speed of the air ejected by a centrifugal 
fan depends upon the peripheral speed and the 
form of blades adopted, but primarily upon the 
former, and it may be established that air speed 
is a function of the circumferential velocity of 
the fan runner and, as a correctly proportioned 
runner should deliver its air over the whole of 
its breadth at a constant speed, the volume of air 
delivered is a function of the fan’s breadth. 

These two factors form the basis of fan design 
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where a given volume of air has to be delivered 
at a certain speed. It will have been noticed 
that air speed and not pressure is mentioned as 
a factor in the proportioning of a fan, the reason 
being that an open running centrifugal fan 
working in free atmosphere cannot create a 
pressure, some external tangible boundary 
being necessary. ; 

Since kinetic energy is imparted to the air 
by an open fan, a velocity head must be created, 
but the whole of this head is lost on delivery, 
the energy being dissipated in the form of heat. 

If, however, the fan be fitted in a chamber 
which is air-tight, and has only one eye from 
which it can draw air from an exterior source, 
then air will be delivered into that chamber 
until the pressure within it is consistent 
with the peripheral speed of the fan. When 
this point is reached no further air will be 
delivered. This system is often adopted for 
furnishing forced draught to ships’ boiler 
furnaces where the stoke-holds are specially 
constructed with air-tight doors. As fresh air 
is continually being delivered into the hold, no 
discomfort need be experienced by the stokers ; 
on the other hand, better conditions are often 
obtainable by adopting this method. ; 

A fan doing duty in this way is virtually 
delivering into a casing, but as the latter is not 
designed with a view to assisting in the preserva- 
tion of the air’s energy, many losses will be 
experienced which prevent the fan from per- 
forming its functions with the same efficiency 
as it would if a correctly designed housing is 
incorporated. 

Purpose of Housing. The object of the ideal 
housing is to conduct the air delivered into it 
by the runner to a discharge outlet without 
shock, friction or eddying, and to convert the 
kinetic energy of the air into pressure by a 
gradual reduction of the velocity. 

Practical considerations render this ideal 
unattainable, however, and a well-designed and 
constructed casing will convert from 60 to 
80 per cent of the kinetic energy into pres- 
sure head. The housing is assisted in this 
duty by an external diffuser in the form of a 
diverging chimney, details of which will be dealt 
with later. 

Conditions Appertaining to Restriction of Fan 
Inlet and Outlet. If the discharge of the housing 
be completely blocked up when the fan is work- 
ing, a pressure equivalent to that of the free 
atmosphere will exist at the centre of the runner, 
whilst a somewhat higher pressure will be present 
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at the internal surface of the casing. These con- 
ditions are analogous to those obtaining when an 
open wheel is blowing into an air-tight chamber. 

If, however, the order be reversed, viz. the 
eye closed up and the discharge opened out, the 
pressure within the housing will be that of the 
atmosphere, whilst a partial vacuum will be 
maintained at the fan centre. 

When partial restriction of inlet or outlet is 
made, these conditions will exist in a lesser 
degree, and they are important to note, for they 
form the basic principles to be observed in the 
design of a fan installation. If the fan is 
exhausting from a system, that is to say, all 
ductwork is connected up to the inlet eye, an 
unimpeded discharge must be aimed at, whereas 
if it is a blowing installation that is being 
considered, where all the piping is on the dis- 
charge side of the fan, the inlet must be free and 
unhampered if the full benefit of the fan’s 
action is to be obtained. 

When the fan has to both exhaust from a 
piping system on the inlet side and deliver 
into another plant on the discharge side, the 
whole installation must be carefully designed 
with a view to decreasing frictional loss and 
other forms of resistance to a minimum. 

All forms of resistance will be equivalent to a 
restriction of orifice on whichever side of the 
fan they occur. 
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In designing a fan to meet given require- 
ments, its peripheral speed must be such as to 
give the desired pressure, whilst its breadth 
must be ample to assure the required air volume 
being handled. Obviously, the peripheral speed 
will fix the diameter and speed, and a choice 
has to be made between a small wheel running 
at a high rotational speed and a large runner 
rotating at a slower rate. If the wheel is made 
too small it may be impossible to adapt an 
inlet to it which will permit the full volume of 
air to pass. On the other hand, if it be too 
narrow, the depth of blades may be excessive 
and undue frictional losses occur, or construc- 
tion may become difficult. 

Approximate proportions for given patterns 
of fans have been generally established by the 
chief fan manufacturers, based on practical 
observations and tests, but where special 
conditions of drive have to be considered some 
deviation from the standard proportions are 
quite permissible without detriment to the 
efficiency, but extremes should be avoided. 

In standard practice the breadth of a fan 
runner varies from a third to a half its diameter 
over blade tips according to the design, whilst 
the inlet diameter is from °5 to ‘8 of this overall 
diameter. 

The various designs of runners in general use 
will be dealt with in the next lesson. 
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By E. W. Workman, B.Sc., A.M.1.E.E., ETC. 


LESSON X 


THE STORE-KEEPING 
DEPARTMENT 


Why Stores are Needed. It is impossible to 
purchase raw material and parts so that they 
will arrive just when required for the manufac- 
turing processes, and so of necessity purchases 
must be kept somewhere until required for 
working on. For this “ somewhere” to be a 
well-organized stores is advantageous from a 


number of points of view. Stores are essential 
because— 

1. Floor space must be allotted on which to 
keep all the raw material and parts which are 
required before manufacture on any large scale 
can be commenced. 

2. Extra storage room is required to enable 
bulk purchasing to be done, i.e. purchasing of 
quantities greater than immediate requirements. 

3. Stores of material and parts thus awaiting 
use must be kept together in order that they 
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may be controlled and hence avoid waste, 
excessive depreciation, and loss from pilfering 
or other causes. 

4. Properly organized stores are necessary in 
order to be able to keep the essential records 
showing what stocks are available for use. It 
is obvious that without a systematic record of 
this nature there will be much loss of time, 
overlapping, and general inefficiency in the 
handling and recording of materials used. 

Functions of Store-keeping. The following 
are the main functions of a properly organized 
stores system— 

1. To safeguard material against deterioration, 
pilfering, and waste. Deterioration may be due 
to a variety of causes, such as— 

(a2) Being held in store for too long a time, 
i.e. purchasing being made too long in advance 
of requirements. 

(6) Bad stores accommodation resulting in 
frequent handling, and the piling of articles one 
upon another. 

(c) Dampness, light, and other natural causes 
which can be guarded against. 

Pilfering is best guarded against by devising 
a stores system which makes it difficult to 
obtain material except for legitimate and 
authorized work. The periodic searching of 
workers as they pass out of the factory is not 
nearly so effective. 

A stores system lessens waste by— 

(a) Supervising the different receptacles used, 
seeing that they are the most suitable, do not 
leak, etc. 

(6) Ensuring that excessive quantities are not 
used, and that any surplus material is returned 
into stock. 

(c) Drawing attention to materials and articles 
not being used, so that deterioration and 
obsolescence may be avoided. 

2. To issue material and parts in an efficient 
manner and in the correct quantity. An efficient 
manner of issuing stores will always mean a 
saving in cost through high-priced skilled 
workers not having to waste time waiting to 
obtain materials. The elimination of this 
expense will largely depend on the inter- 
organization of the stores and production 
departments. If the production department 
notifies the stores of all material a little before 
it is wanted, such material can be got ready and 
delivered by unskilled labour at the place where 
it will be worked upon and in time to prevent 
any waiting. 

As regards quantity, the exact amount which 
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should be issued is not always known, or the 
material may be of such a nature that it can 
only be issued in pieces larger than required for 
a particular job. In such cases provision must 
be made for charging out or holding in suspense 
the charge for the whole amount issued until 
such time as the surplus not required is returned 
to stock. In order to ensure that material is 
only issued legitimately there should be a rule 
that no material is to be issued without a 
properly signed requisition as authorization. 
(This requisition is also required later in the 
work of the cost department.) 

3. To regulate supply with demand by seeing 
that stocks are neither too high nor too low. In 
order that the regulation of supply with demand 
may be successful, it is necessary that the store- 
keeper shall be in touch with probable factory 
requirements in order that he may always be 
able to meet any demand and yet keep the 
smallest possible stock. The lower the value 
of the stores carried, the smaller is the expense 
of the capital invested but, on the other hand, 
work must never be held up for lack of material. 
For all ordinary stocks the process may be made 
semi-automatic by deciding for each article the 
maximum and minimum quantities that may be 
carried in stock. When the stock records show 
that the stock of any article has fallen to the 
minimum quantity decided upon, the store- 
keeper sends a requisition to the purchasing 
department for a quantity sufficient to bring the 
total up to the maximum amount decided 
upon. 

4. To keep the cost of handling material as 
low as possible by economy of space and labour. 
Expenses can be kept down in connection with 
heating, lighting, insurance, and wages for 
handling and issuing material or parts. A quick 
turnover will also reduce the interest charges 
for invested capital, and economy of space will 
allow more area to be given to manufacturing 
without added rental, and hence reduce the ratio 
of overhead charges. . 

Types and Location of Stores. There are four 
main types of stores that are found in most 
factories— : 

1. The Raw Material Stores. As this store- 
room is for the retention of material purchased 
from outside suppliers, it should be situated so 
that deliveries may be made easily direct from 
the conveyances that bring the material. In 
the case of a large factory, this will mean that 
both a roadway and a railway line will either 
enter or run alongside this stores. At the same 
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time it is essential that the stores shall be 
conveniently close to that part of the factory 
where the raw material is first put into use. For 
this reason it may be advantageous to have the 
raw material stores divided so that, for example, 
pig-iron may be stored near the foundry, and 
wood near the carpenters, etc. Ample room 
should be provided for the inspection of the 
incoming material. 

2. The Work-in-Progress Stores. This stores 
is situated in the centre of the factory, and is 
for the storage of completed component parts 
or semi-completed articles which are held up 
for some reason or other. The necessity of 
having such a store is apparent when one thinks 
of the variety of parts which are needed for an 
average assembly, and the impossibility of com- 
pleting all these parts at the same time as they 
will be individually required. 

3. The Finished Warehouse. This stores is 
for the keeping of the finished manufactured 
articles until such time as they can be packed 
and dispatched. It will usually be under the 
control of the selling department, and need not 
necessarily be situated in the factory at all. 

4. The Tool Stores. In a large factory a 
great number of standard and special tools are 
required, and it will be very conducive to 
economy in their use if they are properly stored 
and their whereabouts recorded. 

Any of these stores may be subdivided in 
order to make them more conveniently avail- 
able to the different manufacturing depart- 
ments that they supply. In the case of some 
goods, such as inflammable liquids, it is very 
necessary to have such subdivision for fire 
prevention or other reasons. If packing cases 
are made, they should obviously be stored where 
they will be required for use. Tool stores should 
be distributed in the departments where the 
tools are going to be used. At the same time, 
in such cases it will usually be found advisable 
to have an additional central store where the 
rarer tools may be stored for all departments 
in order to avoid unnecessary duplication. 
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Requisitions. Before any material is issued 
out of a store-room it is essential that the store- 
keeper should receive an authority to issue in 
the form of a requisition. The essential infor- 
mation that should be given on the requisition 
is— 

1. Description of the material or part required 
(or symbol number). 

2. Quantity required. 

3. The order number to show for what job 
the material is required. 

4. The signature of the person authorizing 
the issue. 

5. Any special particulars such as drawing 
number or size. 

It will usually be found that these requisi- 
tions should be received by the stores in dupli- 
cate, one copy being retained as proof that the 
material in question has been issued (and bear- 
ing the signature of the person receiving it), 
and the other copy being forwarded for the com- 
pletion of the production and cost department 
records. 

Stock Records. These very essential records 
may be in book form, or, more conveniently, on 
separate card records for each article and 
different size. The design of the record will 
vary with differing requirements, but in any 
case will have columns which provide for the 
recording of all incoming and outgoing material 
according to quantity. It will save duplication 
of the record in the cost department if money 
columns are also provided, so that the requisi- 
tions can be priced up before being forwarded 
to the cost department. In addition, columns 
may also be provided for recording the quantities 
of material on order, and such particulars as 
the maximum and minimum quantities author- 
ized to be carried in stock. The cards will be 
kept in alphabetical and size order, and will 
be entered up at short and regular periods from 
the receiving department delivery notes for 
incoming material, and from a summary 
of the requisitions dealt with for outgoing 
material. 
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METALLURGY FOR ENGINEERS 


By JAMES 


LESSON VIII 
THE BESSEMER PROCESS—(conid.) 


The Basic Bessemer Process. Sulphur and phos- 
phorus are not removed under acid conditions 
and, therefore, pig-iron used for steel making by 
either acid Bessemer or acid open hearth pro- 
cesses must be free, or nearly free, from these 
two elements. 

Dephosphorization of the iron is impossible 
in the presence. of a highly silicious or acid slag, 
as the formation of a stable phosphate is thereby 
prevented. Thus, before any elimination of 
phosphorus can be successfully undertaken a 
basic slag is a primary essential. This is not 
practicable except in a neutral or basic lined 
vessel. Given these two conditions, a phos- 
phate of lime can be formed by which an almost 
total transference of the phosphorus from the 
iron to the slag is effected. 

In the basic Bessemer process, finally evolved 
by Thomas and Gilchrist (1877, c.), the formation 
of the basic slag is ensured by lime additions 
and the converter lined with burnt dolomite 
mixed with dehydrated tar. The bottom plate 
is similarly lined, tuyeres being formed by 
the insertion of wooden, tapered pins in the 
perforations during the ramming. 

Dolomite is a double carbonate of calcium 
and magnesium from which carbon dioxide and 
water are expelled by calcination, leaving a mix- 
ture of lime and magnesia. This material has 
but few binding qualities which deficiency is 
supplied by the tar. 

To revert for a moment to the value of the 
various elements as fuels for the Bessemer pro- 
cess, the following table should serve as a guide 
to a comprehension of their respective impor- 
tance. The initial heat of the molten pig-iron 
being considered constant, the figures show the 
approximate increase in that temperature by 
the oxidation of each 1 per cent of the specified 
element— 


Carbon to carbon monoxide 50°C. 
Carbon to carbon dioxide 5 T4gcG: 
Silicon S belay: 
- Manganese ; sin Soe 
Phosphorus (basic) . ee kgjya Ge 


At low (furnace) temperatures silicon has a 
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greater affinity for oxygen than has carbon, but 
at high temperatures this is reversed. Care must 
therefore be taken that the silicon ts oxidized 
before the temperature at which carbon has the 
greater affinity 1s reached, or the heat will finish 
with high silicon. 

In the basic Bessemer process phosphorus is 
the principal heat producing element and should 
be present to an extent of about 2°5 to 3-0 per 
cent. Consequently, to keep the heat of the 
bath during the blow within correct limits, 
silicon should not exceed 1-0 per cent. Man- 
ganese usually runs about I-o per cent, with 
sulphur as low as possible. 

The plant used is similar in all respects to 
that of the acid process and, with the exception 
of the lime additions, the general details of the 
blow follow closely on the lines previously 
described. About 34cwt. of lime per ton of 
metal to be blown are charged into the hot 
converter before running in the iron, and it is 
important to note that a much greater pro- 
portion of slag is produced than in the acid 
process. 

Under working conditions, the removal ot 
the phosphorus cannot be accomplished until 
decarburization is complete, which stage, it will 
be remembered, is marked by the drop of the 
flame. Blowing must accordingly be continued 
for some few minutes after this and, since there 
is then no characteristic pyrotechnic display to 
guide the blower, but only a dense brown 
fume, samples must be taken from the metal. 
These are obtained with a long handled spoon 
after the converter has been turned down and 
the blast shut off. They are cast in iron chills, 
hammered down to about }in. thick, quenched 
in water, broken, and the phosphorus. estima- 
ted from the fracture. Broadly speaking, the 
more crystalline the fracture the higher is the 
indicated percentage of this element- If neces- 
sary, a further addition of lime is made and 
the “after blow” continued. Finally, as much 
slag as possible is poured off the surface of the 
metal which is then teemed into the casting 
ladle. The necessary spiegel or ferro is added 
whilst this operation is proceeding or into the 
ladle immediately afterwards. 

The basic Bessemer process is not worked to 
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any great extent in this country, but is very 
largely employed on the Continent. 

The Swedish Bessemer Process. The Swedish 
process was the first successful commercial 
application of the Bessemer principle ; the car- 
bon of the steels produced thereby ranges from 
about 0-15 to I-50 per cent and, in some respects, 
its products may be considered serious rivals of 
crucible steel. There are many points of 
material difference between it and the English 
method which may be enumerated and described 
briefly as folows— 

The weight of pig-iron for each blow is much 
smaller, being only about 3 to 34 tons, as against 
to to 15 tons in this country and America. 
This obviously makes for a much shallower bath 
* and consequent reduction in blast pressure, the 
maximum being about 15 lb. per sq. in. 

Formerly Swedish converters were of the 
fixed type, but these were soon superseded by 
the tipping or rotating variety. The tuyere 
area is much greater proportionately, since the 
abundance of the air supply is considered more 
important than the pressure under which it is 
admitted, so long as this is great enough to keep 
the metal out of the tuyeres. This gives rise 
to somewhat cold heats and, consequently, the 
converter mouth is contracted slightly so as to 
conserve as much heat as possible. : 

The iron is taken direct from charcoal fired 
blast furnaces worked on cold blast. This is 
sampled and weighed before pouring into the 
converter. The blast pressure is adjusted 
according to the fracture of the sample—the 
greyer the iron the higher the pressure. 

The chemical composition of the iron used is 
an essential point of difference. This reflects 
the characteristic purity of Swedish pig-iron— 
it is very low in phosphorus, contains little or 
no sulphur, with silicon content at about -75 to 
to per cent. The chief heat producer is man- 
ganese, the initial percentage of which is 
usually about 3 per cent, although this figure 
may be exceeded as occasion demands. Hence, 
unless mild steel (0-15 to 0-20 per cent C.) is 
being made, the presence of this element in such 
proportions renders additions of spiegel or ferro- 
manganese unnecessary. Thus, in Swedish 
practice the formation of ferrous oxide is pre- 
vented, whereas in the English practice the 
ferrous oxide is decomposed. 

The blow is stopped when the colour and 
sound of the flame indicate a carbon content 
slightly above that ultimately required. The 
converter is turned down, blast shut off, and 


a spoon sample taken which is forged by the 
smith. The carbon is estimated by several tests 
amongst which may be mentioned : forging 
behaviour, bending angle, and magnetic pro- 
perties. The blow is continued until the correct 
percentage is obtained. 

On account of the relative coldness of Swedish 
Bessemer heats the percentage of waste tends 
to run high owing to “skulls” in the ladles. 
To overcome this a small, specially designed 
ladle, with nozzle and stopper is employed, and 
this is bolted on to the converter mouth as soon 
as it is finally turned down. During the pour- 
ing of the steel the bulk of it remains in the 
converter, the ladle acting as a small reservoir, 
and so heat radiation losses are reduced to a 
minimum and solid steel linings in the ladle 
more or less prevented. The ingot moulds are 
set on a circular revolving table and brought, one 
by one, under the nozzle for teeming when a 
little aluminium is added to each. 

A typical example of dead mild Swedish 
Bessemer steel is that for bicycle tubes, which 
has a specified carbon content of 0-12 to 0-15 
per cent. In this case practically all the man- 
ganese is oxidized before the necessary removal 
of the carbon has been effected, and hence 
ferro-manganese additions are essential. In 
steel for this purpose a generous percentage 
of manganese is permissible, but if a similar 
temper is required for boiler tubes, since a high 
manganese tends to increase corrosion, this 
element must be very carefully controlled. Such 
steel is therefore made just on the verge of red- 
shortness, and the blooms are pickled and chipped 
free from surface defects before working up. 

The following are typical compositions of 
English acid and Swedish Bessemer steels, from 
which it will be noted that, owing to the higher 
manganese of the former, the carbon is corre- 
spondingly lower— 


English | Swedish 
Dead | Wagon Dead | Wagon 
Mild Springs Mild | Springs 

% % % % 
Carbon . F Se) +50 15 +65 
Silicon . : -08 -08 “05 "05 
Manganese 1:00 * 1:00 "25 +30 
Sulphur . : 06 “06 “02 “02 
Phosphorus ; 705 +05 +02 +02 


Foundry Bessemer Practice. The manufacture 
of light castings, for which small quantities 
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of very hot and very fluid steel are required 
at frequent intervals, owes its tremendous 
development, in no small measure, to the 
application of the Bessemer principle to steel 


Fic. 9. THE ROBERT Fic. 10. THE TROPENAS 
CONVERTER CONVERTER 


Sketches showing essential features of small converters in 
vertical and horizontal section 


foundry practice. The frequent supply of 
small quantities is achieved by the use of small 
converters of about 20 to 40 cwt. capacity, and 
the increased heat of the steel by the introduc- 
tion of important modifications in the design of 
these converters. 
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In the general description of a Bessemer blow 
special note was made of the loss of useful heat 
by the burning of CO to CO, outside the vessel ; 
the essential effect of the modifications is to 
conserve the heat evolved by this reaction 
within the converter. There are two types in 
use. 

The Robert Converter (Fig. 9). In cross-sec- 
tion this is D-shaped, having one flat side in 
which tuyeres are built horizontally, but set at 
an angle. The blast, which is admitted at a 
pressure of 3 to 41b., thus imparts a gyratory 
motion to the metal. The height of the bath is 
so regulated by the inclination of the converter 
that the blast impinges on the surface of the 
metal, or very slightly below it. By these 
means, unconsumed air is supplied to burn the 
carbon monoxide formed by the oxidation of the 
carbon. 

Different means are employed to the same 
end in the Tropenas Converter (Fig. 10). This 
is circular in horizontal section, and as the 
bottom is in the form of a truncated cone, 
maximum depth is obtained with maximum 
surface. The characteristic feature of this 
converter is the double row of tuyeres, set 
horizontally and radially in the side. During 
a blow the vessel is inclined so that the metal 
reaches exactly to the bottom edge of the lower 
tuyeres and the blast, of about 3 1b. pressure, 
skims the very surface. The lower tuyeres 
only are used during the first stages of the blow, 
but, on the appearance of the carbon flame, the 
stopping is removed from the upper series and 
the oxygen supply thus reinforced at the correct 
point for the complete combustion of the carbon 
monoxide. 
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PIONEERS OF ENGINEERING 


By J. F. Corrican, M.Sc., A.I.C. 


LESSON XXII 
THE COMING OF THE TURBINE 


SIR CHARLES A. PARSONS—A 
MODERN PIONEER 


Tue fundamental idea of the steam turbine is 
as old as the proverbial hills, but the practical 
application of this early notion is but of com- 
paratively recent accomplishment. Steam- 
engine experimenters of all ages have con- 
structed various types of experimental turbine 


THE DE LAVAL TURBINE 


engines in which, for the most part, metal 
vanes were made to rotate by means of a jet of 
steam impinging on them. 

The first practical steam turbine, however, 
was constructed by Dr. Gustaf de Laval about 
the year 1889. In the De Laval turbine the 
nozzles for supplying steam to the rotor are 
of the convergent-divergent type. 

The great difficulty which the early turbine 
inventors were not able to overcome lay in the 
fact that the turbine engine is necessarily a 
high speed one, and with crude engines working 


on this principle it was not possible to arrange 
for a sufficiently high velocity to be given to 
the working parts in order to extract the 
greater proportion of the steam’s energy of 
motion. Parsons, however, eventually over- 
came this difficulty by dividing up the total 
expansion of the steam into a large number of 
successive stages. The energy of motion of the 
steam at each stage of its expansion was thereby 
reduced, and it became a more practical pro- 
position to devise rotating machinery which 
would work reliably at a lower speed. 

To indulge in a crude explanation—instead 
of allowing the steam to expand suddenly at 
one period and to rush with a tremendous 


= 
tale 


SECTION OF EARLY PARSONS TURBINE 


velocity through the vanes of a turbine, Parsons 
contrived to allow the steam to expand in separ- 
ate and successive stages. Thus, at each stage, 
the “ rush ” of the steam was far less in velocity, 
and its control became much easier. 

Such is the fundamental principle of the 
Parsons turbine. In its essentials, the Parsons 
engine consists of a circular chamber fitted with 
“guide blades” around its inner circumfer- 
ence. Revolving within this is a large barrel 
or wheel, also fitted with blades around its 
circumference. The steam is led through the 
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series of stationary blades, and its force causes 
the inner barrel or wheel te revolve, the motion 
being transmitted by suitable means to the 
main driving shaft of the engine. 

The first really practical turbine of this type 
was introduced about the year 1891, although 


THE First TURBINE- 


Tue “‘ TURBINIA.” 
PROPELLED VESSEL 


(From R. N. Neilson’s The Steam Turbine, 
Longmans) 


Parsons had been experimenting with similar 
engines as far back as 1884. In 1897, the first 
turbine-propelled vessel—the ‘“‘ Turbinia ’’— 
made its maiden voyage. The vessel was 
merely an experimental one, it being of an 
order of some 100 tons displacement. 

'. In 1904, the Admiralty made a series of trials 
with turbine equipped cruisers, the ‘“ Amethyst ” 
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being one which attracted especial attention. 
As a result of the trials, more naval vessels 
were equipped with turbines, and, as the reader 
will be well aware, their use has been still more 
extended up to the present day, which sees most 
of the large ocean-going vessels equipped with 
turbine engines. 

The Hon. C. A. Parsons was born in London 
on 13th June, 1854, he being the fourth son of 
the third Earl of Rosse, the famous astronomer 
and constructor of the once celebrated tele- 
scope at Birr, Kings Co., Ireland. 

After completing his education at St. John’s 
College, Oxford, Parsons entered into partner- 
ship with Messrs. Clarke, Chapman & Co. of 
Gateshead, Newcastle-on-Tyne. This partner: 
ship was subsequently dissolved, and in 1899, 
Parsons built his own works at Heaton, 
Newcastle-on-Tyne. The firm of C. A. Parsons 
& Co., Ltd., has now attained universal renown. 
It is responsible for the construction of various 
types of stationary turbine engines, but the 
concern also manufactures dynamos, trans- 
formers, searchlight equipment, and other elec- 
trical apparatus. 

The Hon. C. A. Parsons was elected an F.R.S. 
in 1898. In Ig1r he was created a K.C.B. 
The work of this modern pioneer of engineering 
during the late war is well known. As an engin- 
eering and electrical expert, he served on various 
advisory committees which not only dealt with 
turbine construction, but also wih such varied 
subjects as aircraft, fuel, electric power, and 
searchlight construction. 
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By JAMES KNOWLES 


LESSON IX 
THE OPEN HEARTH 
BESSEMER’S success was followed bya remark- 
able stimulation of scientific interest in the large 
scale production of steel, and within the same 
decade the open-hearth process was evolved, 


Oe 

z 

oes 
OI 


ee 


Fg eas 


OO 


"6 arerere" 
roca "atateres 


= 
erate: 
Soeereet, 


"3% 
o 


eK oh 2090 CIC 


re, 


a coe 
Fr 


rocco ee == 
“He 
ot 

5 

=] 


poe 
rt 
WH 


—-——<s 


2 AAT SUERTE UEG ATER 


TH p Sr iene 
men AUREEANCRDIT EN 
wt ie L L de no de 
| nt nt neh nh Wn on 


not accompanied by any appreciable increase 
in the amount of the impurities, the percentage 
contents of the latter was reduced. This was 
further assisted by oxidation, 

The brothers Siemens, whilst adopting the 
open hearth, proceeded on the principle of 
carbon, silicon, and manganese removal by 
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. 60-TONS SIEMENS OPEN-HEARTH FURNACE—SECTIONAL ELEVATION 


(The Park Gate Iron and Steel Co., Ltd.) 


Ay, Ag = Air regenerators. 
B = Air uptake. 


Cy, Cy = Air ports. 
D = Gas uptake, 


With this the names of Siemens and Martin are 
inseparably coupled. 

In France, the latter originated the idea of 
melting suitable pig in an open sand basin by 
means of gasified fuel, and diluting the fluid 
metal by dissolving therein selected wrought 
iron, or steel, scrap. In other words, since an 
increase in the amount of metal in the bath was 

77—(5462) 


Ey, iy u 
F « Charging doors, 


Gas ports, G Banks, 
H « Wearth, 


controlled oxidation, using iron ore (FeyO,) as 
the agent. 

A common impediment to the complete 
development of both these theories, however, 
was the attainment and maintenance of the 
intense temperature necessary for working the 
charge. This difficulty was finally overcome 
by Mr. (afterwards Sir) Wm. Siemens’ invention 
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of his celebrated regenerative system, and, 
about 1868, the open hearth process was estab- 
lished commercially. A combination of the two 
methods was ultimately worked, by which the 
Siemens pig iron and ore, and the Martin pig 
iron and scrap methods became the Siemens- 
Martin pig, scrap, and ore process. This was 
so rapidly developed as to become a serious 
rival of the Bessemer principle, which, in this 
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quoted where a mixture of coke oven and 
producer gases has been successfully employed. 


THE SIEMENS REGENERATIVE 
SYSTEM 
If the products of combustion in any furnace 
are permitted to escape unchecked it will be 
realized that an enormous amount of heat is 
carried away and lost. Siemens accordingly 
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SECTION THROUGH GAS REGENERATOR 


(The Park Gate Iron and Steel Co., Ltd.) 


country at least, it has now practically super- 
seded, 

Dependent on the composition of the hearth, 
furnace lining, and slag, the open hearth, can be 
employed for either acid or basic practice. 
Large outputs of special steels, such as nickel, 
nickel-chrome, and chrome-vanadium are 
obtained, whilst straight carbon qualities range 
from 0-10 to 1°50 per cent. Furnace capacities 
vary from about 5 to 120 tons (50 to 60 tons 
representing normal present-day practice), the 
time taken to work a charge being roughly 9 
to 14 hours. Several modifications have been 
introduced, the most noteworthy being the 
Talbot process, to which later reference will be 
made. The fuel almost universally used is 
producer gas, although instances may be 


conceived the idea of recovering, storing, and 
utilizing this for a preliminary heating of the 
gaseous fuel and air, thereby materially increas- 
ing the heat available for the bath. This he 
achieved by means of regenerators. 

These are chambers, usually rectangular in 
cross-section, almost filled with a chequer work 
of refractory bricks, generally gin. « 44 in. X 
3 in., set on edge and built up in courses so 
that air spaces and bricks alternate in every 
direction. 

The system is applied to many types of fur- 
naces, and for open-hearth steel melting con- 
sists of four units, constructed in.pairs, one pair 
working on each end of the furnace and dealing 
in turn with the in-going gas and air and out- 
going waste gases. Each pair comprises one 
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unit for gas and one for air, separated by a sub- 
stantial wall to prevent leakage, that for air, as 
a general rule, being the larger by some 25 to 
33 per cent. 

The arrangement is such that the gas and 
air on their way to the furnace and the waste 
gases going to the stack must first pass through 
their respective regenerators. The products 
of combustion, being considerably hotter than 
the chequers amongst which they circulate, 
leave their excess heat therein before being 
finally drawn away by the suction of the 
chimney. By means of suitable valves the 
direction of flow is subsequently reversed. The 
relatively cold gas and air then enter the respec- 
tive units of these regenerators by inlets situ- 
ated at the bottom and, absorbing heat, expand. 
This naturally results in decreased density, 
increased velocity—or more rapid ascension, 
and, as a result of further circulation amongst 
the white-hot brickwork, a progressive gain in 
temperature. The pressure difference which 
supplies the motive force is thus constantly 
accentuated. At the top of the chambers, then, 
the pressure is sufficient to project the mixture 
into the furnace in the desired direction, and 
at such a speed as to neutralize any tendency 
of the resultant flame to rise to the higher 
regions of the furnace. : 

Whilst this is proceeding the opposite sets 
of chequers are accumulating heat from the 
waste gases ; after a definite interval a further 
reversal is made, and so the cycle of operations 
continues, the effect of which may be exempli- 
fied by the following figures!\— 


Before combustion— 


At valves - Gas: 650°C. Air: Atmos. Temp. 
Leaving 
regenerators. ,, : 1,160°C. ers £250" 
Temperature 
of combustion 1,803° C. 
Temperature 
in hearth 1,680° C. 
After combustion— 
Waste gases leaving 
bath . . « 1%,600°C. 
Waste gases leaving 
regenerators . 500° C. 


Gases passing through regenerators will 


obviously. take the line of least resistance which 


indicates the need of very careful design if the 
maximum transference of heat is to be obtained. 
Chambers should therefore be vertical rather 
than’ horizontal, but, in all calculation and 
design, the velocity of the gases, the time of 
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contact with and the area of the heating sur- 
face exposed are equally essential factors. It 
is of the greatest importance, too, to note, 
when considering the weight of chequer work, 
that the only effective portion of a brick is 
that within I in. of its surface. 


THE OPEN-HEARTH FURNACE 


The open-hearth furnace, consisting of side 
walls, end blocks, and arched roof, is built of 
best quality silica bricks for acid practice. These 
are stepped at the ends and side to help in 


Fic. 13 
A = AIR Port 


G = Gas Port 


forming a basin or hearth. The outer casing is 
constructed of steel plates carried on girders, 
the whole being strongly supported by buck- 
stays and tie-bolts. Close to the nuts strong 
springs are fitted, with which the nuts must be 
kept in tight engagement, to prevent distortion 
due to temperature variations. Formerly the 
regenerators were built immediately under the 
furnace, which was supported on the top arches, 
but modern practice is to erect them under the 
working stage, leaving free air circulation 
underneath the furnace and obviating the 
danger of choked up chequers owing to a “‘ break 
out.” 

The superheated gas and air, on their exit 
from the top of the regenerators, are conducted 


1 These figures have been adapted from British 
Siemens Furnace Practice (F. Clements, M.Inst.C.E. 
I. & S. Inst., 1922) of which much use has been made 
in the preparation of this lesson. 
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through wptakes and admitted over the hearth 
through ports. These are inclined downwards 
so as to direct the flame on to the metal. For 
good combustion a definite excess of air is neces- 
sary and hence the air ports are larger, or more 
numerous, than those for gas. Again, the 
volume of the products of combustion is greater 
than the combined volumes of the in-coming 
gas and air and, as the same ports have to serve 
the dual purpose of inlets and exits, they are 
made larger than is otherwise theoretically 
necessary. In some American furnaces water- 
cooled dampers are fitted in the ports affording 
means of regulating the area to meet these 
varying requirements. 

Port arrangements (Fig. 13, a-d) are both 
numerous and varied, all having a common 
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heat by radiation must be prevented as far as 
possible. This distance obviously determines 
the length of the furnace. The width is 
governed by two main factors: the accessi- 
bility of all parts of the hearth for fettling, and 
the stability of the roof. Formerly, the maxi- 
mum width was considered to be about 14 ft., 
but furnaces have latterly been constructed some 
16 ft. wide. These two dimensions (length and 
width), of course, limit the area of the bath. 
It should be noted that in many large furnaces 
the roof is not supported by the side walls, but 
is carried on special girders. 

In acid practice the shallow rectangular basin 
forming the hearth, as already stated, is first 
given its shape by silica bricks, stepped at the 
sides and ends (the banks). Sometimes crushed 
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Fic. 14. SECTION THROUGH STEEL CASTING LADLE 
(The Park Gate Iron and Steel Co., Ltd.) 


purpose, viz., the rapid and intimate mixing of 
gas and air, in proportions correct for perfect 
combustion in contact with the metal in the 
bath. The modern tendency is towards the 
adoption of a common port, in which the two 
streams may merge before actually entering 
the furnace, but in all plants a certain distance 
(usually about 5 ft.) is left for this to take 
effect. 

The ports are contained in port or end blocks 
which form the ends of the furnace and, in view 
of the heavy demands made upon them, are 
designed on massive lines. They are often made 
removable for ease of substitution or repair, 
are, in some cases, air cooled, whilst for the 
Talbot process a system of water cooling has 
been adopted. The distance between the two 
blocks should be such that the tip of the flame 
cannot impinge on the opposite end, and com- 
plete combustion is effected before the gases 
make their exit. On the other hand, loss of 


gannister or silica rock is rammed over the 
bottom bricks. A mixture of 95 per cent white 
silica and 5 per cent red sand is applied in 
successive layers about 4in. to rin. thick until 
the desired thickness-and contour are obtained, 
when the bath should drain from every point to 
the tap hole. Each layer is set hard by the 
application of heat before the next is added, and 
whilst fritting will occur between 800 and 
1,300° C., at the latter temperature this mixture 
can be worked into any position. The final 
layers are composed entirely of white silica 
sand, 

The tap hole, about 24 to 3hin. diameter, 
is situated in the centre of the base of that side 
of the furnace opposite the working stage, and 
is formed by the insertion of a hard wood, or 
iron, taper plug before the final layers of sand 
are put on. Around this ground gannister is 
well rammed, the plug being withdrawn from 
outside when the gannister has set. 
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It is impossible to carry out steel making 
operations on a bed of pure silica—this must 
first be saturated with absorbed slag, and there- 
fore a preliminary slag, and sometimes pig, 
melt is worked, the fluid materials being well 
rabbled over the banks and hearth. Even 
then the first few steel heats should be small, 
and nothing in the way of high grade casts 
attempted until the hearth is in first-class 
condition. 

The casting pit is of such a depth that the 
tops of the ingot moulds are at approximately 
ground-level. Above this the casting ladle 
(Fig. 14) travels on rails. Running from the 
tap hole and forming a channel down which 
the molten steel flows to the ladle is the lander, 
which may or may not be pivoted. A narrow 
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veranda runs round the tapping side of the 
furnace to form a working platform and is a 
continuation of the stage. At the charging 
side the furnace is provided with several doors, 
usually 5 or 3, depending on the length, which 
are raised by hand or hydraulic power. The 
inlet (mushroom) and reversing (butterfly type, 
water-cooled) valves are situated below, and 
operated and controlled from the stage. Each 
furnace has its own chimney which must be of 
sufficient height to give satisfactory draught 
under all conditions. 

The general arrangement of an open hearth 
furnace may be easily followed by means of 
Figs. 11 and 12, which have been prepared from 
drawings supplied by The Park Gate Iron and 
Steel Co., Ltd. 
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By Lro KeEtsry 


LESSON X 


TOOL-ROOM METHODS OF JIG 
AND TOOL CONSTRUCTION 
Elimination of Fitting. In laying out details of 


tools which have irregular contours, the method 
by which they will be made must be kept in 


== 
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mind, as, in the majority of cases, careful 
manipulation of tools and cutters used in con- 
junction with the universal milling machine 
enables the detail to be finished true to form on 
the machine without further handwork. For 
this purpose it is desirable that the tool designer 
should have complete information as to the class 


and size of all cutting tools used in the tool- 
room. He must also be familiar with the scope 
of the universal differential dividing head. 

Unfortunately, space does not permit us to 
enter into a description of the many uses to 
which this useful attachment to the milling 
machine can be put. 

Jig and Fixture Boring. When a tool has to 
bore a number of holes, if necessary, in correct 
relation to each other within close limits of 
accuracy, it is essential to provide means of 
definitely ascertaining the distance between the 
centres of the holes before they are bored. This 
is done in the following method by means of 
small pieces of hardened steel which have been 
lapped to a definite size. A combination of these 
in this case is used to mark off, by means of a 
template or height gauge, etc., the holes to be 
bored, and drill a hole appreciably smaller than 
the finished size of the holes required. A disc 
is now placed over this small hole and clamped 
in position by the screw B, as shown in Fig. 87. 
The hole in the disc A is larger than the dia- 
meter of the screw B. The work to be bored is 
now set up on the face-plate of the lathe and a 
hole bored in it to finished size. Another button 
is inserted in this hole, with a nut behind it, as 
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indicated in Fig. 88. The next hole to be 
drilled is now moved into position on the face- 
plate, and the lathe rotated by hand until the 
button or disc is running perfectly true. The 
DIE or TOOL 

BEING BORED 
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position between this button and the one with 
which it has to be in correct relation can now 
be accurately measured by means of a vernier, 
or micrometer, over the diameters of the 
buttons, as indicated in Fig. 89. This method 
is extensively used on the lathe and the milling 
machine. 

Use of the Sine Bar. In the measurement of 
angles, there are two methods in common use: 
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component is laid on a surface plate, on which 
the angle-plate A is resting, and is measured by 
placing it against the parallel B, which is called 
the sine bar. 

The centre distance of the discs C being 
known, and the difference of their distances 
from the surface plate, the sine of the angle 
can be readily worked out. On reference to a 
table of trigonometrical functions, the angle 
can then be obtained. 

Seasoning. After the iron casting for a tool 
has been machined and bored ready for inser- 
tion of hardened steel bushes (which must be a 
drive-fit in the former), due partly to expansion 
of the casting, through the relief of internal 
strains by machining, it sometimes happens that 
the holes which have been bored become 
slightly larger. At the same time, the bushes 
which have been hardened and ground may 
become small on their external diameter for 
the same reason. The result is that, when the 
two are assembled together, instead of a drive- 
fit being obtained, merely a push-fit is the result. 
This has the effect of allowing the bush to 
rotate inside its housing, finally falling out and 
becoming useless. Although it is not possible 
absolutely to control the above conditions, they 
can be minimized to a large extent by allowing 
the casting to rest in a cool place on a flat sur- 
face for 48 hours, or more if possible, after all 
machining on it has been finished, and instead of 
grinding the bushes to a predetermined finished 
size they should be ground to fit the holes in 
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one is the ordinary vernier protractor, which is 
set to the desired angle within five minutes of a 
degree by means of the vernier scale ; the other 
method is that known as the sine bar, so called 
because the sine of the angle, and not the angle 
itself, is measured. 

Referring to Fig. go, the angle-plate A is 
perfectly square. Clamped to it is the parallel 
strip B, to which are attached the discs C. The 


the casting after the latter have been measured, 
subsequent to its resting or seasoning process. 
Hardening. It is a platitude to say that 
hardening is the most difficult of the processes 
in tool-making. Due to the fact that steels, 
even of the very best quality, will vary slightly 
in fibre and texture, heat treatment of indivi- 
dual pieces of the same billet will show slightly 
different results. Of late years, much has been 
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done to reduce the tendency of tool steels to 
crack and split in hardening, but the trouble is 
still present, and although it does not primarily 
concern the tool designer, as he will not be called 
upon in the majority of cases actually to per- 
form the hardening operation, yet bearing in 
mind the difficulties which the tool-maker may 
encounter in hardening tools which he has 
designed, he must endeavour to eliminate, as 
far as possible, all thin and slender sections, or 
large heavy pieces with disproportionately small 
projections which may be liable to cool more 
rapidly than the body of the tool, and conse- 
quently set up strains which may eventually 
lead to a crack. 

Lapping. This is the process of reducing 
components to size, using powdered abrasive 
material. The degree of attrition depends upon 
the pressure applied and the grade of powder 
used. A mixture of boiled oil and flour emery, 
and also rouge, oil, and emery, are those most 
frequently used. In the case of lapping out 
drill bushes, a mild steel rod, slightly smaller 
than the finished size of the bush, is dipped into 
the lapping mixture, put in the chuck of the 
drilling machine and rotated inside the drill 
bush, the spindle being at the same time 
travelled up and down. This process is repeated 
until the size is obtained. : 

Gauge-making Materials. Steels which are 
to be used for making gauges should be of the 
best quality, and capable of being hardened to 
a very high degree, in order that wear may be 
minimized. Before any work is performed on 
the gauge, the piece or pieces of steel from which 
it is to be made should be thoroughly annealed. 
Unless this is done, cracking is liable to occur 
when hardening. 
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Checking Tools. The essential test of all 
tools lies in their ability to produce the com- 
ponent they were designed for. Their capacity 
to do this continuously depends on their design, 
the care with which they were made, and the 
materials used in their construction. It is not 
possible here to give a full description of the 
methods used in checking tools before they are 
tried out on the machine, but we may state 
that the procedure is to check the important 
dimensions first, working back from these until 
the least important have been measured. Tests 
should also be made for hardness of locating 
surfaces, setting blocks, etc., fit of sliding pieces 
in the case of drill bushes ; fit of slip bushes and 
diameter of same. Dowel pins should be 
examined for fit, also all screw threads; fit of 
nuts and bolts in the case of clamps, examine 
clamps to see whether they are seating correctly 
and not bending. In the case of milling fix- 
tures, machine surfaces should be examined 
in relation to the base of the fixture, and 
whether locating surfaces are square with the 
tenons. 

Cutting Tools should be tested by machining 
components, and by measuring the size or form 
produced. This especially applies to special 
milling cutters, drills, reamers, boring bars, 
counter-sinks, etc. 

Although tool checking is not essentially a 
function of the tool designer, yet he must be 
able to appreciate the difficulties which the tool- 
room checker encounters, because the designer 
is usually called upon in the case of variation 
from drawing dimensions to adjudicate between 
the tool-room and the tool checker, who is 
usually a member of the Steg ne department 
of the factory. 
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THE THEORY OF HEAT ENGINES 


By E. B. Core; BSc. 


LESSON XIII 
FLOW THROUGH NOZZLES—(contd.) 


Critical Pressure. In considering adiabatic fric- 
tionless resisted flow of steam through a nozzle, 
we had just become familiar with the idea that 
a critical back pressure exists. If the back 
pressure be higher than this critical pressure, 
we have seen that the nozzle will be convergent 
and the mass flow will be determined by. the 
exit area of the nozzle. If, however, we expand 
down to a pressure below the critical, the nozzle 


Fic. 40 


first converges and then diverges, and the mass 
flow is determined entirely by the throat area of 
the nozzle. 

Hence, it is very important to determine this 
critical pressure. 

Now we have proved that 


v2 
ia I, — I, heat units per Ib. 


and, while we have dealt specifically with steam, 
this equation is true for any substance, and we 
have seen in the case of steam how easily the 
solution may be obtained from the T-¢ or ¢-I 
charts for this substance. 

Let us now examine this equation in a general 
manner for any substance. 

We have 


PV 


Wao Ae i heat units, 


where V is the volume occupied by the 


substance, or, measuring J and £ in /t.-lb., we 
may write 


I= E+ PV tt-lb. 
2 
. = ft.-lb. per lb. = (E,— E,) + (P,V,— PoVs) 


Now for adiabatic expansion, as represented by 
the PV diagram, Fig. 40, the work done, which 
is given by the area a120, is entirely performed 
at the expense of the internal energy—no heat 
being supplied or rejected. 

Thus, area a12b = E,- Ey ft.-lb. But 


Area 0cia == PV, 
Area 0420 == P5V 5. 
v2 
3g = area a12b + octa — od2b 
= area ci2d 


= area of indicator diagram for admis- 
sion, adiabatic expansion, and exhaust for the 
substance. 

For steam, we have already seen that this is 
approximately the indicator diagram for the 
Rankine cycle, thus the result has been proved in 
another way. 

Assuming that the equation of the expansion 
curve is PV” —c, where m is the index of 
adiabatic expansion, we have already proved 
that the area under such an expansion curve is 

Ala ey tee 
n-1I 
v PiVisPoV 5 
29 4 WE 


Thus, area c12d = 


n 
aera gy (PV, — P2V») 


(a result the student was asked to deduce in a problem 
in the section on the gas laws). 


This result is true for any substance, where 
is the adiabatic index. 


THE THEORY 


Re-arranging this expression, we have 


v n PsVi5 
Bee fe py 


n Je aa | 
Boz 7. }e- (7) n 


SuieerrV," = PV", 


Thus,v = /28-% Po\ 2) 
us, v Vie. per {e-(B (z) 


Now, if V, and V, represent the actual 
volumes per Ib. at (1) and (2), 
Then the mass discharged per second will be— 


Av ; 
w = 7, where A = area in sq. ft. 
2 


(PEN te 
xv} - (4) n 


V, can be expressed in terms of the initial known 
conditions— 


P,\ = 
ae = Fy". Ve= Vy (=) ; 


. w= 


err .\ =. | 2en PEN eee 

=a) faee PYt-(z) = | 
= 4,/ 2 Pi ((P\2 _ (P.\ "= 

mer 7, 2) -(z) Baas) 


Now the initial conditions fix P, and V,, thus 
A, n, P,, V, are all constant, so that the mass 
flow w depends on the ratio P,/P,. If we write 
y for this ratio, then 


2 n+rt 
w is a Maximum when vx — y » is a maxi- 
mum, which from consideration of the calculus 
will occur when 


5 2 eee n+ & 
Ne id S = T? =.0 
2 I-n se 
Le.—- ¢ & = 
n n 


This expression gives us the ratio of the back 
pressure P, to the initial pressure P, at which the 
discharge is a maximum, hence knowing the 
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value of m we can at once determine the 
critical (throat) pressure. 

If the expanding substance is a perfect gas, 
from the relationships already proved we have 


n = y (Le. ratio of K,/K,). 
For At y = 1-4i. 
. substituting above 
Y = 0°527 
ie. reducing the back pressure below 0-527 x 
(initial pressure) does not increase the mass 
flow any further. 

Returning to steam as the expanding sub- 
stance, we have also seen how a mean value of 
n for adiabatic expansion may be determined. 

Dr. Zeuner, however, gives an equation by 
means of which the value of 7 may be obtained 
for steam of given initial dryness— 


nN = 1:035 + O1X 


where ¥% is the initial dryness fraction. 

Thus for steam initially dry 
h = T1135 
1 =0°577,. 

If the value of for different initial dryness 
fractions be obtained, it will be found that, over 
the range likely to occur in practice, the ratio 
P,/P, will not differ materially from 0-58, and 
this value may, therefore, be taken for all cases 
of saturated steam. 

For superheated steam, which remains super- 
heated throughout the adiabatic expansion, the 
value of is 1-3, so that y = 0-546. 

Maximum Discharge of Saturated Steam. 
Considering again steam initially dry and 
saturated, and substituting 0-577 for P,/P, and 
1-135 for m in equation (2), we obtain an expres- 
sion for the maximum discharge of steam through 
the given area A, which will be the throat 
area— 


w= 360A ae lb. per second 
1 


and 


where 


= area In sq. ft. 

P, = initial pressure in lb.-sq. ft. 

V, initial volume, here equal to volume of 
1 lb. dry saturated steam at pressure P,. 


Maximum Discharge of Superheated Steam. 
If the steam remain superheated throughout the 
whole of its expansion as above, substituting 
nm = 1-3 and ry = 0-546 in equation (2), we have 


w= 3°786.A = Ib. per second, 
1 
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where V,, the initial volume, is the volume of 
1 lb. superheated steam at pressure P). 


In the Steam Turbine section of this EDUCATOR 
these results will again be stressed and amplified. 

Let us, in conclusion, work out the following 
two examples— 

Prosiems. (1) Determine the throat and exit 
dimensions of a nozzle to pass 1,800 1b. of Arr per hour, 


assuming adiabatic frictionless flow, under the follow- 
ing conditions— 


200 lb. sq. in. abs. 
3000° F. abs. 
atmospheric, 15 lb. sq. in. 


Initial pressure P, 
a temperature 7, 
Exit pressure 


il tl 


We are here dealing with a “ perfect ’’ gas and can, 
therefore, use the gas laws to determine the unknowns. 
We have then for air, 


Critical throat pressure P, = +527 P,; 
= 105'4 lb. sq. in. 


(The suffix 2 will be used to denote the back pressure 
concerned, here—the throat conditions.) 
The temperature of throat T, is given by— 


Di ee (eee ea I eas 
T, P, | ie besa = 


Di, = 2490) Habs. 


= 1'205 


The velocity at throat vr is given by 
Ue se. Pay 


2g yt 
This expression can, for a gas, be conveniently 
simplified to 


[P,V, — P,V,] ft.-Ib. per Ib. 


2 
ot — J.K,(T, - T,) ft.-Ib. per lb. 


28 
SINcCe maa 
te = K,/K, P : 
R = J.(K,—K,,) ft.-lb., the specific heats being 


measured in heat units, K, for air being 0238. 


Up = 4/2g X 778 X 0:238 (3000 — 2490) 
= 2460 ft.-sec. 


where g = 32 ft.-sec. per sec. 
From PV = RT, the volume of air at throat is given 
by 
53:2 X 2490 


VY, = = ft b. ft. : 
Fi SSP ag ay 74 cu per lb 
1800 - 
Mass fl aS ee Dy) 
ass flow per second ET 5 lb 
: 5 8:74 X °5 
a AT t throat phils eS SS 
ea at throat (sq. in.) eee xX 144 
= 0:255 sq. in. 
.. Diameter at throat = 0°57 in. 


In exactly the same way, expanding from the initial 
conditions right down to the exit pressure of 15 lb. sq. in. 
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we have, using suffix 2 to represent now the exit 
conditions— 
Tf, — 3000 EE ree 1410° F. abs 
3 200 | 4% ——*+ 


Y = 4/2g X 778 X *238(3000 — 1410) 
= 4330 ft.-sec. 
53°2 X 1410 
15 X 144 


34°77 X °5 
Area —= 31 x 4a 
Ey 4330 


2. Calculate the throat and exit diameters of a 
nozzle to discharge 3,600 lb. of SrEAm per hour under 
the following conditions— 

Initial pressure = 200 lb. per sq. in. abs. 

Exit pressure = 1b: 

Initial dryness fraction = -97. 
Thus, the critical throat pressure 


Volume per lb. V, = == 34-77 (CUD wits 


= 0576 sq. in. 


” ” 


Consulting{steam tables, we have 


1. Initial , Absolute temperature ‘‘corresponding”’ to 
200 lb. per sq. in. abs. = 843° F. 
Latent heat = 843°3 B.Th.U. 
2. Throat Absolute temperature corresponding to 
116 lb. persq. in. abs. = 799° F. 
Latent heat = 880 B.Th.U. 
Specific volume = 3°44 cub. ft. 
3. Exit Absolute temperature corresponding to 


1 Ib. per sq. in. abs. = 562 "ob i 
Latent heat = 1036) 5. 0h. 
Specific volume = 333 cub: ft. 


The following results have been obtained by catcula- 
tion of the Rankine heat drop, and the student is 
advised to work them out in detail— 

(a) Throat dryness fraction = -93 


Rankine heat drop ='43 BYTh.U. 
*, Velocity at throat = a/ 2g X.778 X 43 
= 1465 ft.-sec. 


_ 3600 X +93 (3°44) 


t thr 
ap teaa eae 60 X 60 X 1465 


-002185 sq. ft. 


I ll 


*, Diaineter 0-63 in, 
(b) Exit dryness = +746 
Rankine heat drop, from initial pressure, 200 1b. 
to 1 lb. ~© 324, Babee 
“. Velocity at exit = V/2g X 778 X 324 
= 4020 ft. sec. 
, se __» 3600 
, Area at exit =e 
"746 (333) 
4020 
= -0618 sq. ft. 
*, Diameter = 3°37 10s 


(CONCLUSION) 
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OUTLINES OF LOCOMOTIVE ENGINEERING 


By A. Morton Bett, O.B.E., M.I.Mecu.E., M.I.Loco.E. 


LESSON V 
AUXILIARY APPARATUS—(conid.) 


AN important detail of a locomotive, which 
seriously affects its efficient and economical 
working, is the draft derived from the exhaust 
steam escaping from the blast pipe. Innumer- 
able efforts have been made, dating from the 


_--t—~. 


be diverted from the blast nozzle, should it be 
deemed desirable to reduce the draft. 

On superheater locomotives it is often custom- 
ary to provide a pyrometer, as it is found that 
a record of the temperature of the superheated 
steam enables the fireman better to control his 
fire, as also the driver to have better knowledge 
of the work his engine is doing. Such refine- 


== 


-—--------! 


Fie, 164. Orr FUEL ARRANGEMENT 


very first locomotives, to regulate and make 
variable this draft. Unfortunately, nearly all 
arrangements necessitate the use of mechanical 
apparatus in the smoke-box, where it is subject 
to the destructive action of the gases of com- 
bustion, exhaust steam, etc. Only limited 
success can therefore be credited to most of the 
schemes, although many different ones can be 
found in considerable use. Perhaps, one of the 
most simple and practical arrangements is the 
provision of a means for splitting, or dividing, 
the cone of steam as it escapes from the blast 
nozzle, causing it to present a ragged surface to 
the gases it is required to exhaust and expel 
up the chimney. 

Other favourite forms of adjustable blast 
pipes consist of expanding cones, movable 
caps, and  mechanically-operated valves, 
whereby a portion of the escaping steam can 


ments, however, are usually confined to loco- 
motives employed on long and continuous runs. 

In many parts of the world where coal is 
scarce or expensive and oil easily procured, 
liquid fuel is much employed. In this country 
it has only received somewhat limited applica- 
tion when controlling circumstances have sug- 
gested and permitted its use. The drawing 
(Fig. 164) shows an application on a modern 
system wherein the oil fuel is preheated after 
leaving the tender tank, and then injected, or 
sprayed, into the specially built furnace arranged 
in the fire-box for ensuring its complete combus- 
tion. The sprayer, or burner, actuated by 
steam, is placed at the bottom of the fire-box, 
so that the whole of the cubical contents of the 
latter are available, as it is essential that the 
oil should be perfectly consumed therein, and 
only heated gas enter the tubes. 
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Attempts have been made to spray and dis- 
tribute the oil fuel by pressure alone, as it is 
recognized that the introduction of steam into 
the fire-box for this purpose must result in a 
considerable loss of heat units, for although the 
steam may be ultimately disintegrated into its 
ultimate gases O and H, the heat required to be 
absorbed in the splitting-up process is more 
than that which will be returned by any future 
combustion. Such arrangements have been 
adopted with great economy and success in 
stationary power plants and on board ship, 
but there are great difficulties in providing the 
pumping plant and other details required, on 


DRIVERS HANDLE 
RUNNING POSIT/ON 


DRIVER'S. VACUUM 
GAUGE 
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The drawing, Fig. 17, shows the apparatus 
in detail, and the following brief description 
will enable its operation to be readily under- 
stood. The ejector on the engine creates a 
partial vacuum throughout the system, the 
cylinders under the vehicles being exhausted 
both above and below their pistons, through the 
ball valves. The pistons being in equilibrium 
fall by gravity, and the brakes remain off, but 
on atmospheric air being admitted to the train 
pipe, either through operation of the driver’s 
valve by desire, or through an accidental sever- 
ance of the pipe, it closes the ball valves against 
the upper side of the cylinders, and air enters 


Fic. 17, Vacuum AUTOMATIC BRAKE 


a locomotive where space is so limited, so that 
spraying by steam, which should certainly be 
superheated, remains the more practical method. 
Another important auxiliary apparatus is 
that required for operating the continuous brakes 
of the trains. There are two systems in use in 
this country—compressed air and vacuum—the 
latter being the more generally used on passenger 
trains of the steam railways, whilst the former 
is almost exclusively employed on electrically 
operated and super-rapid steam suburban lines. 
The vacuum brake depends on the partial 
exhaustion of the apparatus, which is then sub- 
ject to atmospheric pressure for its power. The 
exhaustion of the brake pipes, cylinders, cham- 
bers, etc., is secured by pumps and ejectors. 
In all cases, vacuum is first created by a steam 
ejector, but the continuous vacuum to be main- 
tained is more economically secured by a pump 
operated by the mechanism of the engine. 


and exerts pressure on the lower side, causing 


the pistons to be pushed up and apply the 
brakes. Re-creation of vacuum and exhaustion 
of the spaces above and below restores the 
equilibrium, and the pistons fall, releasing the 
brakes. As stated, the vacuum can be main- 
tained either by a pump or by a small steam jet, 
incorporated in the large ejector. 

Owing to the fact that it is necessary for the 
brake cylinders operated by atmospheric pres- 
sure to be of very large diameter to secure the 
requisite power, there is often difficulty in loca- 
ting such cumbersome details among the closely 
packed parts of a modern locomotive. Many 
engines are therefore at the present time 
equipped with either steam or air brakes for 
the engine, working in conjunction with vacuum 
ejectors and apparatus for the brakes of the 
train. 

Fig. 18 shows a tank engine whereon air 
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brake apparatus is provided for the engine, as 
well as a vacuum ejector and appliances for 
operating the brakes of the train. A special 
valve on the footplate ensures both systems of 
brake acting simultaneously and synchronizing 
when applied or released. The diagram, Fig. 
18a, shows these fittings. 

In the case of air brakes working on the well- 
known Westinghouse principle, the power for 
operating the brake apparatus is compressed 
air, a supply of which is maintained throughout 
the train by a steam pump located on the 
locomotive. A pressure of 75 lb. per sq. in. is 


the stored air pressure will pass to the brake 
cylinders, forcing the pistons out and applying 
the brakes. 

The brakes are released by again restoring 
the pressure throughout the train pipe, by 
admitting air from the main reservoir on the 
engine (maintained at higher pressure for rapid 
action). This will cause the triple valves to 
lift, allowing the air in the brake cylinders to 
escape to the atmosphere, and thus relieve 
the brake blocks from pressure. At the same 
time, the triple valves open up communication 
again between the train pipe and the auxiliary 


Fic. 18. LocoMoTivE witH AIR BRAKE AND VACUUM APPARATUS 
FOR TRAIN BRAKES 
(Robert Stephenson; & Co., Ltd.) 


maintained in the train pipe, but the main 
reservoir on the engine is charged to go lb. per 
sq.in. Under all the vehicles equipped, an 
auxiliary reservoir is provided with a brake 
cylinder, wherein the movement of the piston 
is controlled by a triple valve. 

In operation, the compressed air, after 
passing from the main reservoir on the engine 
through the driver’s valve, flows along the 
train pipe, lifting the triple valves of each 
vehicle, then charging the auxiliary reservoirs. 
Under these conditions, the brakes are “ off.” 
When the air in the train pipe is allowed to 
escape, either by design—the driver or guard 
opening the valves provided—or by accidental 
severance of the pipes, etc., the pressure will 
be reduced and the air stored in the auxiliary 
reservoirs exerting its superior pressure, will 
move the triple valves into such a position that 


reservoirs, to enable them to be recharged to 
the running pressure. 

The elementary arrangement described has 
been very much improved in late years by the 
Westinghouse Brake Co., and with the refine- 
ments they now recommend, practically instan- 
taneous action, both in application and release, 
can be assured for trains of almost any length. 

For the successful braking of very long goods 
trains, it would appear essential that some form 
of high pressure apparatus must be adopted, 
on account of the length of time which elapses 
in the restoration of low pressure, or vacuum, 
throughout the piping and apparatus of the 
vehicles forming such trains. 

There is another phase of this brake operation 
by pressure which might be mentioned here, and 
that is the great advantage secured, when 
operating with compressed air, of having a 
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supply of power on the locomotive equipped, 
available to operate the reversing gear, sand- 
ing apparatus, rocking grate, and many 
other auxiliaries which are rapidly becoming 
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settled country. A small steam turbine driven 
dynamo, or generator, is located on the boiler, 
and the current taken from it to a switchboard 
in the cab, whence it is distributed for lighting 
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too heavy and difficult to operate by manual 
effort. 

Electric lighting apparatus is now frequently 
included in the equipment of locomotives 
intended for service on Colonial and foreign 
railways traversing long stretches of sparsely 


DRAIN BULB 


Fic. 184. DIAGRAMMATIC ARRANGEMENT FOR OPERATING WESTINGHOUSE AIR 
BRAKE IN CONJUNCTION WITH VACUUM BRAKE 


up any of the lamps required for headlights, 
signalling, or inspection purposes. There are 
instances where short trains, consisting of a 
carriage or two, are lighted up by this same 
installation, but it is only to be recommended 
for secondary services. 
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. THE TESTING OF PRIME MOVERS 


By R. Roynps, M.Sc., M.I.MzEcu.E. 


LESSON VI 


THE MEASUREMENT OF BRAKE 
HORSE-POWER 


Tue brake horse-power of an engine refers to the 
power developed or given out at the crankshaft. 
The mechanical efficiency of the engine is given 


b.h.p. 
by the ratio ae , but in the case of a pump, 
compressor, or similar plant, where a.h.p. is 
the power required to drive the pump, then the 


: : a elangysk 
mechanical efficiency is ah.p. 

The brake horse-power of an engine is usually 
measured by means of some suitable form of 
“brake.” For the sake of demonstration, 
suppose winding drums are fixed on the engine 
shaft of radii R and 7 and running in the direc- 


— 
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Fic. 30. WINDING ENGINE 


tion shown in Fig. 30, these radii being measured 
to the centre lines of the ropes wrapped round 
the drums. The weight W is ascending and the 
weight w is descending; the weights of the 
ropes are neglected in the present calculations. 
In one revolution made at constant speed the 
work done on W is 27RW, and that done by w 
is 27rw. Thus the net work done in one revolu- 
tion is 27(WR — wr), that is, 27 x net moment 
of forces about the centre ; and no matter how 
many additional drums with their ropes and 
weights we might imagine, the same expression 
would result. If N were the revolutions per 


minute, with the loads measured in pounds and 
radii in feet, then, 
Brake horse-power 
2m X (net moment, Ib., ft.) x N 
33,000 


If no motion of the weights took place and 
slippage between the ropes. and the drums 
allowed the weights to be suspended in the 
positions shown, the net moment resulting 
would be the same as before. Therefore, what- 
ever type of brake may be adopted, what is 
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required from the brake is a measure of the 
moment of the forces acting on the brake, for 
at constant speed that must be the moment 
acting on the shaft. 

The Rope Brake. A common arrangement 
of the rope brake is shown in Fig. 31. The rope 
makes one turn round the brake wheel, supporting 
at one end the weights W, the other end being 
connected to the spring balance S. A cotton 
rope is preferable because of its flexibility, and 
it is better to steep it in a mixture of melted 
tallow and black lead to exclude moisture rather 
than to use it in the dry condition. The rope 
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may be 4in. diameter for small engines and, 
say, 2in. or rin. diameter for engines of 
50 b.h.p. running at moderate speeds. Prefer- 
ably the rope would be put on the wheel double 
so as to form a loop for attachment to the 
hanger at W and also at the spring balance end, 


Fic. 32. WATER-COOLED BRAKE WHEEL 


and where the loops pass one another, the loop 
to W should be accommodated inside the 
loop passing to S. To space the ropes on the 
wheel and to keep them in place, wooden blocks 
A are wired to the ropes, cut as shown in the 
sectional view in Fig. 32. A loose anchor rope 
or chain C may be used to safeguard against 
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with the rim of channel section. On a plain 
fly-wheel the heat developed at the rim is likely 
to cause expansion of the rim, while the arms 
try to prevent this expansion. This might pro- 
duce a dangerous condition in a cast-iron fly- 
wheel, and, even if nothing worse happens, is 
liable to cause the fracture of one or more of 
the arms. The brake wheel shown in Fig. 32 
would be suitable for diameters greater than, 
say, 30r4 ft. Fora small wheel it is a common 
practice to cast it solid with the boss instead 
of using arms, with the channel section rim offset 
on the outside of the wheel. Fig. 32 gives a 
sectional view through the type of wheel shown 
in Fig. 31, as well as showing how the cooling — 
water may be supplied and “‘ picked up ”’ from 
the inside of the channel. The water supplied 
to the channel immediately spreads out with 
the wheel running, due to centrifugal action. 
The heated water can be picked up by a pipe 
cut at an angle and set at a suitable slope as 
shown, with the cut end of the pipe nearly 
touching the rim on the opposite side from that 
on which the water is supplied. If the rim has 
a central web, this web has to be cut away at a 
few places round the rim. ) 

The rope type of brake is not very suitable 
for high speeds of rotation, with the correspond- 
ingly small brake wheel, except at very small 
powers, because difficulty is experienced in 
keeping the rim cool when heavy loads are 


Sin 


Se Stitt Spring 
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the weights being carried over the top should 
the frictional force between the rope and wheel 
increase suddenly. This increase is sometimes 
caused by careless handling of the rope at the 
spring balance when reading the balance or when 
adjusting the weights to a floating position. 
For tests at moderate loads and of short 
duration the rope brake may be applied to the 
smooth rim of the fly-wheel, but otherwise it 
is preferable to use a water-cooled brake wheel 


attempted, owing to the small cooling surface. 
Canvas, tape, or chair webbing is generally 
more satisfactory than ropes on small brake 
wheels. 

A rope brake sometimes has a tendency to 
get into a state of oscillation, especially if used 
for testing a reciprocating engine. These 
oscillations can usually be damped out by 
introducing frictional resistance into the spring 
balance. In bad cases it may be found necessary 
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to jam the spring balance, releasing it only 
at the moment a reading has to be taken. 

In estimating the weight W at the heavy end 
of the rope, the weight of the hanging rope from 
where it leaves the wheel should be added to 
the load on the rope. Similarly, with the 
arrangement shown in Fig. 31, the weight of 
rope to the point of contact with the wheel 
should be deducted from the spring balance 
pull to give the pull w at the light end of the 


the surface of the wheel. The water is thrown 
off from the sides of the rim, and, unless the 
arrangement is for temporary use and the water 
thrown off is not objectionable, sheet iron casings 
can be fixed to the blocks and the excess water 
collected from a hole in the bottom block. Even 
then it is difficult to prevent water from being 
thrown about. A stiff spring under the wing 
nut of one of the bolts helps in the adjustment 
of the brake to the conditions desired. If the 
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rope. If these loads are in pounds ‘and the 
radius R is measured to the centre of the ropes, 
then 
Net moment = (W —w)R lb. ft. 
an(W —w)RN 
33,000 
where JN is the revolutions per minute. 


and b.h.p. = 


The Prony type of brake shown in Fig. 33 is 
capable of absorbing more power than a rope 
brake when applied to small brake wheels 
running at high speeds, though sometimes the 
Prony brake is not very manageable. In this 
arrangement two blocks of wood are cut to fit 
the wheel as shown, and are pulled together by 
two bolts to create frictional resistance between 
the wheel and the blocks. Arms are bolted to 
one of the blocks and the load is applied to the 
brake at some convenient place on the arms, 
either by means of weights or by a spring 
balance. A copious supply of water is necessary 
to absorb the heat developed at the rim and to 
preserve something like constant frictional 
resistance. This water is best applied at the 
point shown by a flexible connection to a water 
main, and grooves cut in the blocks as in a 


bearing will help to distribute the water over 


78—(5462) 


load W Ib. is applied at the distance R ft. from 
the centre, then 


Net moment = W xR lb. ft. 
anWRN 


and b.h.p. 5 Velie 


With tests of long duration the practical 
limit of this type of brake on small brake wheels 
at high speeds is about 20 to 25 b.h.p. per 
per sq. ft. of rim contact. 

A type of band brake suitable for slow speed 
engines up to about 500 b.h.p. is shown in 
Fig. 34. Two semicircular steel bands, 35 in. 
thick, are faced with pieces of cotton belting, 
and are pulled together at the ends so as to 
create frictional resistance between the brake 
wheel and the band. The load on the brake 
is partly due to the weights hanging from the 
outer end of the arms connected to the brake 
bands, and partly due to the pull on the spring 
balance acting on similar arms on the other 
side. Ordinary bolts may be used to connect 
the two semicircular parts of the brake together, 
but it will be found more convenient to introduce 
some arrangement on one side capable of fine 
adjustments. A toggle gear arrangement, which 
is displaced by a right- and left-hand screw, is 
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very suitable for this purpose, and is shown in 
Fig. 34. An oil dashpot would probably be 
found to be necessary to damp out the tendency 
of a brake of this type to oscillate as the engine 
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in the manner shown in Fig. 32, forms a service- 
able brake wheel. With a fairly copious supply 
of water this type of brake will absorb from 
Io to 14 b.h.p. per sq. ft. of cooling surface. 


Outlet Valve 


Fo Bearing 
lh /Supporting Casing 
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rotates. This dashpot is shown in Fig. 34 as a 


circular plate working in oil in the cylinder below . 


the spring balance. This plate should not be 
made a fit in the cylinder, but left quite free. 
If there is any tendency to oscillate the oil 


Sluice 


Fic. 36. SECTION THROUGH POCKETS OF 
FROUDE DyNAMOMETER 


offers a resistance to the rapid motion of the 
brake, but does not interfere with slow motions 
such as those required to keep the brake in 
adjustment. A channel section rim bolted to 
the fly-wheel of the engine, and cooled by water 


The working surface of the rim and the pieces 
of cotton belting should be kept free from dirt, 
rust, oil, or water, and should be treated 
occasionally with graphite or blacklead to give 
something like constant frictional resistance at 
heavy loads. : 

Different forms of this type of band brake 
have been used, some with wooden blocks in 
place of the cotton belting here recommended. 
Wood blocks do not work well on cast-iron 
rims unless kept thoroughly wet, because the 
frictional resistance between the rim and dry 
wood is usually very erratic when the brake 
heats up. ; 

Fluid Friction Brakes are sometimes used for 
the absorption and measurement of small or 
moderate powers at high speeds of rotation. 
In the simplest form it consists of one or more 
circular plates or discs fixed to the shaft and 
surrounded by a casing so that the discs 
rotate in water. The rotation of the casing 
is prevented by a known load applied at a 
definite distance from the centre of the shaft. 
The moment on the shaft can only be varied 
independently of the speed by varying the quan- 
tity of water in the brake, but this quantity 
is not easily adjusted to steady conditions, as a 
constant flow of water is necessary to absorb 
the heat. The brake may have a tendency 
to erratic action under such conditions. The 
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moment of resistance for a single disc running 
completely drowned is 


Moment! = 100 x f X N? x R° ft.-lb. 
where N = rey. per min. 
R = radius of disc, ft. 
f = 0:002 to 0-003 for plain metal 
discs. 


This expression would hold approximately 
for each disc on the shaft, provided that division 
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Fig. 36. Similar pockets are fixed inside the 
casing opposing those in the rotator. Water 
is supplied to the casing through a flexible hose 
from a water main or overhead tank, and finds 
its way into the pockets through the holes in 
the walls, as represented in Fig. 36, and as 
shown dotted in Fig. 35. The water is dis- 
charged at the outer circumference of the 
pockets into the central belt in the casing and 
is led away to waste. In action the water in 
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walls on the casing intervened between each pair 
of discs. 

The Froude Hydraulic Dynamometer or brake, 
built by Messrs. Heenan & Froude, Ltd., is 
adaptable to a wide range of power and speed. 
In effect, the brake is a special type of centri- 
fugal pump where the impeller and casing are 
specially constructed so as to waste as much 
energy as possible when the impeller or rotator 
revolves. The casing is supported on anti- 
friction trunnions, and is kept from rotating 
by the load applied at the known distance on 
the arms connected to the casing. The arrange- 
ment shown in the sectional view in Fig. 35 is 
designed for testing at high speeds of rotation, 
and is largely used for testing motor-car and 
aeroplane engines, steam turbines, etc., by 
builders of these engines. Both sides of the 
rotator contain semicircular pockets inclined 
forwards towards the direction of rotation, as 
represented by the developed sectional view in 

1. Hydraulics, by Professor Unwin. 


the pockets is set into rapid rotation or vortex 
motion, and thus a large interchange of momen- 
tum takes place between the rotator and the 
casing. The moment of the forces on the casing 
and that on the rotator is equal, so that by 
measuring the moment on the casing that on 
the shaft is known. The work done on the 
water is converted into heat and the flow of 
water is regulated to give an outlet temperature 
of about 140° F. Between the faces of the 
rotator and the casing thin plates of metal or 
sluices are interposed, capable of sliding towards 
or away from the shaft. By rotating an 
external hand-wheel these sluices can be adjusted 
to any position. When placed fully in, all the 
pockets are masked by the sluice plates and in 
this condition only a light load is absorbed. 
When fully out, all the pockets are allowed to 
be in action, and this condition gives the 
maximum load at any given speed of rotation. 

In the slow speed type of brake the power is 
varied by altering the quantity of water in the 


by regulation of an outlet valve. 
gives an outside view of this brake 
capable of absorbing 9,000 b.h.p. at 93 to 
150 rev. per min., and is the type commonly 
used by builders of large gas and oil engines. 
The load on the arm of the brake is measured 
by a weighing machine of the steel-yard type, 
as shown in Fig. 37. 

The brake horse-power is calculated as in 
the Prony type of brake given on page 1225. 

The brakes so far discussed are classed under 
“absorption dynamo- 


buckets 
Fig. 37 


the general term of 


meters,’ because they absorb the work 
done. } 
Transmission Dynamometers. What are 


termed “ transmission dynamometers ’’ not only 
measure the moment or the power, but also 
transmit the work done. The ordinary dynamo 
or alternator may be classed under this head, 
as, except for the losses in the dynamo, the 
power is transmitted. If the dynamo efficiency 
is known at different loads from previous tests, 
it is a comparatively simple calculation to 
derive the brake horse-power of the driving 
engine from the measured electrical energy 
delivered. 

If the field system of a dynamo, instead of 
being fixed to the bed-plate, is supported con- 
centric with the armature, the moment can be 
measured in the usual way, and the power 
measured directly and independently of the 
electrical output. Arrangements of this type 
up to powers of 250 b.h.p. at 1,000 rev. per 
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min. are built by The Macfarlane Engineering 
Cometde 

Torsion meters may also be included in the 
class of “transmission dynamometers,”’ and 
are used largely on board turbine-driven ships 
to measure the moment transmitted through 
the shaft to the propeller. When a moment or 
torque is being transmitted through a shaft a 
corresponding relative twist occurs proportional 
to the moment transmitted. This elastic 
property is made use of in torsion meters. A 
length of shaft is selected, usually about 4 or 
5 ft., and the relative twist is measured, but 
this relative twist is so small that some form of 
magnification is usually necessary to give read- 
ings easily observable. It is principally in the 
method of measurement or magnification 
adopted that the main differences occur between 
different arrangements of torsion meters. Many 
methods of magnification or measurement have 
been proposed and used, but the three methods 
now in practical use are confined to: (1) 
mechanical means of magnification, (2) flash- 
light arrangements, and (3) electrical measure- 
ments. Probably the most important example 
of the first type is the Denny-Edgecombe 
direct vision torsion meter, made by Messrs. 
Kelvin Bottomley & Baird, Ltd. In the 
second class is the Hopkinson-Thring flashlight 
torsion meter, and in the third class is the 
Ford torsion meter, both built by Messrs. 
Siemens Brothers & Co., Ltd. In the third 
class also is the Moullin torsion meter. 
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Lecturer in Mathematics, Battersea Polytechnic. 


LESSON XXV 
ADDING-UP PROBLEMS 


AreaunderaCurve. Inan earlier lesson (Lesson 
XI) we saw that there were many instances 
when the area under a curve had a meaning, 
and saw how to calculate it approximately by 
drawing the curve. ‘It must be evident that 
if we have a formula for the curve, there should 
be a formula for the area under any portion 
of it. We are now able to show how the area 
can be calculated from the formula. 

Suppose we wish to find the area under the 
portion AB of a curve (Fig. 98), between the 


fe) ( 


MN D 
Fic. 98 


ordinates AC and BD, and above the % axis. 
We should divide it into strips such as PM NQ. 
The area of one of these, being a small portion 
of the total area, A, would be denoted by 6A. 
This area is also obtained by multiplying the 
height (y) by the width of the strip (6x), that 
is 

6A =y. 6% : oon x) 
To find the total area A, we must add up the 
areas of all the strips, and using the sign 
» (sigma, the Greek S) to denote “ the sum of,” 
we may write this 


Aen Oe ‘ amt) 


(This is only saying what we are to do, but not 
how to do it.) The equation (r) is, of course, 
approximate since the value of ¥ in it is neither 
the value at the beginning nor the value at the 
end, but an average value. However, if we 
can reduce the width of the strips indefinitely 


(increasing their number at the same time, of 
course) we shall in the limit obtain an accurate 
result. Supposing this done (and we shall see 
how soon) we should rewrite (2) in the form 


A= fydx ae REA 
where we have replaced 6x by dx and »' by 


(Greek letters by English, for 


S, still denoting ‘“‘sum’’). We have still one 
addition to make to (3), that is to put in the 
values of x between which the area we are 
finding lies. In the figure we are going from 
C to D, and if the values of x at C and D are 
a and 6, the complete formula for the area is 


A= f'ydx ue cama) 


the value of x at the start being put at the 
bottom, and the value at the end being put at 
the top. These values are called the “ limits ” 
(lower and upper limit respectively) ; and the 
complete formula is called an “ integral,” from 
“integer ’’ meaning ‘“‘ whole.” 

So far we have done nothing more than 
develop a notation for ‘‘ adding-up ”’ problems, 
of which the area under a curve is an instance. 
We have now to show how to carry out the 
instructions, and “ evaluate the integral.” To 
do this we must return once more to the begin- 
ning, to equation (1). Dividing by 6x this 
may be rewritten 


is only a long 


or, in the limit, when 6A and 6x become smaller 
and smaller 

dA 

Pit wae a er 


We now see that if we know the value of y in 
terms of x, i.e. the equation to the curve, we 
shall be able to write down the formula for A 
by “inverse differentiation.’’ To see exactly 
how this is done, and how the initial and final 
values of x are to be used, we must take a 
particular case. We will obtain the area under 
the curve y = 10x — x?, between the ordinates 
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at x =2 and x=9g. (See Fig. 99.) By (5), 
then, we must have ; 


aA ? 

We = I0X% — x* 
whence 

A=52-i8+C . . (6) 

Now (5) also means that we must consider the 
area as growing and it starts in this case when 
x= 2. We can thus find the value of C from 
the fact that A =o when x= 2. Putting in 
these values, 


O= 5X BH 5 Ker 
or C= —(§ xX 2>3.%2)) 


where, for the present, we leave the arithmetic 
undone, so as not to obscure the way in which 


10x - x? 
30 
20 


10 
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the “limits ” enter into the final result. 
this value of C, we have 

A = 5x? —448-(5 x 229-4 x 23). 
The meaning of this should be clear from a 
consideration of what has been done. It gives 
the area under the curve y = 10x — x”, starting 
at x = 2, and finishing at x. As we want to 
finish when x = 9, we put x = 9 in this, and 
find 


A= (5 x 9-4 x 9°) —(5 X 27-3 2%) . (7) 
which, when evaluated, gives 144% as the area 
sought. (It can be seen from the figure that 
the average height of the curve between 2 and 
g is about 20, which affords a rough check upon 
the result.) 

The student should now review the above 
with the object of picking out the essential 
steps, and formulating a rule for evaluating 
integrals. The final result (7), is the difference 
between two quantities (there bracketed), one 
of which contains the value g—the upper limit, 
and the other contains the value 2—the lower 
limit. Moreover, each of them is obtained by 
substituting the appropriate value of x in the 
expression (5%*—4%%), which first made its 


Using 
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appearance in (6), (along with a constant), and 
was obtained by “inverse differentiation” of 
the formula for y. It will thus be seen that 
the rule for evaluating the integral 
i "ydx 
is (provided we know the value of y in terms of 
x). 

(a) Write down the formula which, when 
differentiated, gives . 

(5) Subtract the value of this at the lower 
limit from the value at the upper limit. 
There are thus two steps—finding the new 
formula, and substituting values of x. (We 
may note that it is mof necessary to put a con- 
stant in the new formula—and that if we do 
so, it will disappear upon subtracting.) It is 
usual to write the result of (a) in square brackets, 
with the limits still in evidence, so that the 
process of evaluation would appear thus 


Ae ff (xox — x°) dx 


9 
= [ 5 - 4 |) 
= (5X 9-5 X 9) - (5 xX 2 ee 


= 1445. 
In the same way, if we required the area under 


the complete arch of the curve, i.e. from % = 0 
to x = 10, we should have 


10 Ps 
Al = f (10x — x?) dx 


10 
= [ses 


= (5 x 107-4 x 108) — (5 x 0? -4 X 03) 
= 166%. 
If, in the same way, we required the area under 
y= 2° — 6% 4 8, from %* =—2 10) 4 — 4 we 
should have 


A= fi (x -6x +8) dx 
= [ax — 3x47 + 82) |; 


=(} x 485-3 x 4 4+8x 4)- x 2 
=3 x 2? +S Xi Ze 


We at once wonder why the result is negative, 
but if we draw the graph, we find that y is 
negative for values of x between 2 and 4, so 
that the curve lies below the x axis. (See Fig. 
roo.) If we evaluate the integral between the 
limits o and 4, we shall obtain the algebraic 
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sum of the Positive area OAB and the negative 
area BCD in the figure. 


[Oo (2 -6x + 8) ax 


_ ) - (0) = = = area OAB. 


Another case in which the integral may come 
out negative, is seen by remembering that an 


integral is a sum (more precisely, the limit of 
a sum), each term of which is the product of 
y and dx. Each term, and therefore the sum, 
will be negative if y is positive, and dx is nega- 
tive, ie. if we go backwards in the x direction. 
As an instance, 


1k (x® — 6x + 8) dx = [ 49-32 + 8] 


giving a negative result, as expected. It will 
be seen, as a result of the argument above, that 
inverting the limits changes the sign (but not 
the numerical value) of any integral. In 
symbols, 


3 
2 


[ry dea— fiy dx 


We also see, by the same argument, that if y 
and dx are both negative, the integral will be 
positive. Thus the student may verify that 


[, (2 - 6x + 8) dx = + 4. 
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It will be found that these rules for the sign of 
an area may be summarized by saying that, if 
we go along the « axis in the direction of integra- 
tion (starting at the lower, and proceeding 
towards the upper, limit) an area on the /eft is 
positive, while an area on the right is negative. 

We give a few examples in which the “ inte- 
grand” (i.e.-the expression to be integrated) 
needs treatment before the integration can be 
effected by rule. 


[0 3vx dx = [ose ax 


It should be noticed in these, that we have 
expressed the integrand in terms of indices 
before applying the rule, but have expressed 
our results in the simplest form for calculation 
before we have substituted the values at the 
limits. The student should verify by drawing 
the graphs that these two integrals do give the 


areas under the curves y = 51/~% and y= 3 


respectively, between the appropriate limits. 

FuRTHER Examples. 1. In the stretching of 
a bar in tension, a certain amount of work is 
done. We know that this is represented by the 
area under a force-extension graph, ie. if F is 
the force (tension) when the extension is x, and 
e is the final extension, the work done is 


W = °F dx 
But, E being Young’s Modulus, / the length, 
and A the cross-sectional area, we have 


Ala Es % 


1) ] 
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A.E ve De a 
W= Bi et ele et 
” TY BRE 
¥. al 
: ; Al ene 
Also, if P denotes the final tension, P = Sn 


and so W = 4Pe. 


It can be shown, in exactly the same way, that 
whenever the displacement is, proportional to 
the force producing it (and that is, whenever 
Hooke’s Law is obeyed) the work is given by 
half the product of the final.force and the final 
displacement. 


2. If pul-4 = 240, find the value of f p.dv. 
(If p is pressure, and v volume, of a quantity of 
gas, then if # p . dv gives the work done in expan- 


sion from v, to v, as is shown in the articles on 
Heat Engines.) 


240 
dite ‘ 
Here, since £0*"4 = 240, = = ==a40u 


yl 


600 600 
-(-22)-(-&) 
= — 437°7 + 865°8 = 4281. 

EXERCISE No. 39 


ie si eas the following definite integrals— 
4 ay2dx. 


fix (4? + ¥ + 1) dx 
I 


( : (3 — #2) dx. 
(e) fx (* <3 3) dx. 


EDUCATOR 


2. Draw the graph of y = 4 + 44, from ¥ =o to 
x= 6. Find the area underneath it between these 
limits, (a) by integration, and (bd) Py mensuration 
formulae. 

3. Show that the area under the curve y = az*, from 
x =o to y=60 is 4bh, h being the value of y when 
i — dD: 

4. Show similarly, for the curve y = ax” (where » is 


bh. (This result is 


BN F I 
positive) that the area is Dae 


known as Wallis’ Law, and was discovered by Wallis 


before the invention of the calculus.) ; 


x 
5. Find the area between the curve y = 2¥ 5 and 


the line y = 25, from * =o to ¥ = 4o. Considering 
the curve as an arch, and the line as the road above, 
# and y being in feet, find the number of cubic yards 
of masonry in the bridge if the width is 30 ft. 


6: Lf pul? = 2060, evaluate f" p.dv. 
7, If y = +/100—#?, find the value off omy ae. 


(It will be seen later that this integral rope eee the 
volume of a sphere of radius 10.) 


ANSWERS TO EXERCISES Nos. 37 AND 38 


(37) 
I. 4:5 lb. 
BONO. era OUP LA nel mes Oy eats 
BY OG oe 

(38) 


a) #*+C; (b) 1447+ 2% 4 C; 


( 

(c) 2 #>— gat + fe? °C; 
(d) 0-8x%7-5 — rox 4 + C; 
(e 


)-=,+C A eae 


2. P= tv 77-45 4, 20. 
Up “8 
=#(5 -s5)i 


Aga eoelen 
50 and 64 tons (each chain) ; 


w 


49°5 ft./sec., 412-5 ft. 
4.¥=4+ 00147; 
38°40’. 


5. t = 360 — 120W/h ; 360 sec. = 6 min, 
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By W. G. DuNKLEY, B.Sc. 


LESSON X 


POSITION OF DRIVING SIDE, 
VERTICAL DRIVES, SHORT-CENTRE 
DRIVES, LENIX DRIVE 


Position of Driving Slide. It is highly important 
that, wherever possible, the underside of the 
belt should be the driving side. It will be 
readily seen that, if the slack side is under- 
» neath, the weight of the belt will cause the 
belt to hang away from the pulley and so reduce 
the angle of lap. On the other hand, if the 
slack side is on top, the slack of the belt increases 
the are of contact. This applies to horizontal 
and inclined drives. With an inclined drive, if 
the slack side is underneath, the sag of the slack 
side will reduce the arc of contact on the lower 
pulley more than on the upper pulley, and if the 
lower pulley is the smaller pulley the reduction 
in the arc of contact may be serious. As the 
belt stretches there will be a corresponding 
reduction in the arc of contact, as well as-loss of 
tension. A consideration of the above points 
will show that the position of the driving side 
is of real importance. 

Vertical Drives. Vertical drives and drives 
approaching the vertical should be avoided if 
possible. It will be seen that the weight of the 
belt is carried entirely by the upper pulley, and 
the belt is tending to hang away from the sur- 
face of the lower pulley. As soon, therefore, as 
the belt tension falls, owing to the permanent 
stretching of the belt, the grip on the lower 
pulley, particularly if this is the smaller pulley, 
will soon be reduced and slip will commence. 

Short-centre Drives. With short-centre drives 
the small angle of lap on the smaller pulley is 
a point of disadvantage which is readily obvious. 
We have seen that it is the gradual permanent 
stretching of the belt which really kills the belt 
in time. Consider the varying conditions which 
a given part of the belt is continually enduring. 
On entering the tight side it is stretched, as 
it reaches the pulley it is bent round the pulley 
and its inner fibres are compressed and its outer 
fibres stretched; as it leaves the pulley it is 
bent straight again, which changes the stress 
conditions and its tension is reduced, which 


means that it has contracted. It reaches the 
other pulley and is bent again, straightened 
again as it leaves the pulley and again stretched, 
and so the cycle commences once more. 

It is clear, therefore, that a short belt is 
being bent, straightened, stretched, and con- 
tracted-with greater frequency than a long belt 
running at the same speed. We should not, 


Tight Side 
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therefore, expect the same length of life out of 
the shorter belt. 


LENIx DRIVE 


Description. In general, as we have noted, 
vertical drives and short-centre drives should be 
avoided. With the Lenix drive it is quite 
permissible to use vertical drives and short- 
centre drives. This type of drive is used very 
frequently where a self-contained drive is 
desired, where the centre distance would be too 
short for an ordinary drive. The principle of 
the drive is the use of a jockey pulley riding on 
the slack side of the belt, by means of which 
pulley the necessary initial tension in the belt 
is produced and maintained. The principle is 
illustrated in Fig. 8. The means of applying 
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the pulley may, of course, be varied to suit the 
circumstances. The use of the Lenix pulley 
should not be confused with the use of a tension 
pulley acting on the tight side of the belt, and 
used to increase the belt tension as the belt 
stretches and slip starts. 

Application of the Lenix Pulley. The Lenix 
pulley should be applied as near as possible to 
the smaller pulley, so as to increase the angle 
of lap as much as possible on this pulley. The 
length of the belt should be such that the 
distance y, Fig. 8, is about equal to the radius 
of the smaller pulley. 


ORDINARY AND LENIX DRIVE 
COMPARED 


EXAMPLE 19. We desire to transmit 20 h.p. 
from a 10 in. diameter motor pulley, running 
at goor.p.m. Driven pulley, 50 in. diameter. 
Centre distance, 5 ft. Determine the belts for 
an ordinary drive and for a Lenix drive. Com- 
pare the belt tensions in each case. 

First we require to set down the two drives 
to scale, and to measure the angle of lap in 
each case. The smaller angle of lap in each 
case should be taken. 

Ordinary drive. Angle of lap, 135° 

Lemix drive. Angle of lap, 235° 

1. Ordinary drive— 


i 
Log = 0:007578 X 0-4 X 135 
if 
Then p= 257 
Lemx drive— 
ab 
Log aS 0:007578 X 0-4 X 235 
£ 
Then eee 5°16. 


2. Effective driving pull 
__ HX 126,000 


Ca TaN 
_ 20X 126,000 86 Tb 
= 50. O00 Saae ok 
This is the same for both drives. 
2 oP 
i x 


ENGINEERING EDUCATOR 


2°57 X 280 
1°57 
= 458 lb. 
5:16 x 280 
Se 
= 347 lb. 
4. Ordinary drive t = 458 —- 280 = 178 lb. 
Lenix drive t= 347-290 = 67 |b, 

5. We shall neglect the effect of centrifugal 
force. Taking a single cemented belt we allow 
400 lb./sq. in. 

Ordinary drive x X #5 X 400 = T = 458 


Ordinary drive T = 


Lenix drive i 


: 458 X10 
Width of belt * = 400 X 3 = oun 
Lenix drive x x 2; X 400 = T = 347 

« 347X160 
" 400° pie Sass 


The above figures do not show all the advan- 
tages given by the Lenix drive. We took the 
same coefficient of friction 0-4 in each case. 
The belt is working under such better condi- 
tions in the Lenix drive as regards lap on the 
pulley, that we could reasonably allow a higher 
value of jw which would allow us to adopt a still 
smaller belt in comparison. This point will-be 
better appreciated by considering the following 
comparison as regards slip. 

Slipping Conditions Compared. The following 
remarks bring out a very important feature of 
the Lenix drive, and the point should be con- 
sidered carefully. In the ordinary drive, we 
must have a minimum initial belt tension if the 
belt is not to slip, and, as we have seen, the 
permanent stretch of the belt gradually reduces 
the initial tension until slippmg commences, 
and it becomes necessary to shorten the belt to 
obtain the necessary initial tension. : 

Now notice that, with the Lenix pulley, the 
initial tension is produced by the weight W. 
Thus, as the belt stretches it does not lose its 
tension, because the weight W is still maintain- 
ing the tension; the stretch of the belt just 
allows the pulley to move to a lower position. 
We see, therefore, that we do not expect slip 
except that caused by overload. ~ 

Limiting Centre Distance. With an ordinary 
drive, the centre distance is limited by the 
necessity of having a reasonable angle of lap 
on the smaller pulley. With the Lenix drive, 
the centre distance is only limited by the space 
required between the pulleys for the Lenix 
pulley. 


(Continued on page 1240) 
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LESSON XXII 


FRICTION 


LET us consider two bodies, A and 6,\Fig. 131, 
which are in contact at a point C. Whilst 
there is no tendency for motion to take place 
between the two bodies, the contact force is 
normal to the common tangent plane passing 
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through C. When, however, one body moves, 
or tends to move relatively to the other (contact 
being maintained), Fig. 132, the contact force 
acts along a line inclined to the tangent plane 
as shown. It is here that we become aware of 
the force of friction, which is the component of 
the contact force in a direction parallel to the 
tangent plane, that is, 

Force of friction 

= contact force x sin 0 ; el 4) 

It is invariably found that friction opposes 
motion, and hence the direction in which 
motion occurs or tends to occur will determine 
the side of the normal on which the contact 
force will lie. 

COEFFICIENT OF Friction. When the force 
P tending to make one body move over another 
has reached such a value that motion com- 
mences or is about to commence, then the 
ratio 

force required to produce motion 
normal component of contact force 
= coefficient of friction, 
or, as in Fig. 132, coefficient of friction = tan 6 
= yp (usual symbol). 

The laws of friction seek to state the relations 
between the force of friction and, (1) the area 
of the surfaces in contact, (2) the normal pres- 
sure between the surfaces in contact, (3) the 


speed of rubbing, and (4) the nature of the 
surfaces in contact. The relations are only of 
a simple nature when we do not exceed certain 
limits, and, at all times, we must exercise 
caution in the application of these laws. 

Law 1. The force of friction is independent 
of the area of the surfaces in contact. 

Law 2. The force of friction is directly pro- 
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portional to the normal pressure between the 
surfaces. 

Law 3. The force of friction is independent 
of the speed of rubbing. 

Law 4. The force of friction depends upon 
the nature of the surfaces in contact. 


INCLINED PLANE 


Case 1.. The force P acts parallel to the 
horizontal base causing motion up the plane. 
Since motion is up the plane, the contact force 
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will act along FD, Fig. 133, which makes an 
angle (9 + a) with the vertical. 
From the triangle DEF’, we have— 


DE” FP 
EF = pp = tan (6 + a) 
or, P=Wtan (0+ a) : : ee td: 


1236 ENGINEERING EDUCATOR 


If friction were absent we should have— the coefficient of friction = 0-25, find the effort 
(Eige  e required at the end of a tommy bar ro in. long 
a == aa = LAL to raise an axial load of $ ton. Find also the 
Bes v efficiency of the screw (Fig 135) 
or, P=Wtana .  . (2) sae ae fig 
ee ee z Aa Sor seee 
G DE tan a = 7G = 003078, -. a= 2 16:8 


tand@=p=025 .. 0 =14°—2'2 
P = W tan (a + 6) = 560 tan 16°-19’ or 
(P= 163-0 lb; 
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hence, as a lifting device (square thread screw), 
the efficiency of the inclined plane 


(2) tan a 
=) = tan (+ a) < . (3) Fic. 137 
Case 2. The force P acts parallel to the hori- Taking moments of forces about the centre 


zontal base causing motion down the plane. In _ of the screw, Fig. 136, we have— 
EA XeLO i —9 axe aie 


163°9 
Re, idee oe 16-39 lb. 
; tan a 0:03978 
Efficiency = tan (0-4 a) = 0-29a7 
= °135, or 13°5 per cent. 
Mean _circumference=IxZin, |. ful rk 560 x t 
—— <Elliy | : __ usetul wo = 5 a 
Fic. 135 tec As total work — -16:39 X 2m X IO 
(Not to scale) = +135, or 13°5 per cent. 


this case, the contact force FD (Fig. 134) is 


Sorat 5 JOURNAL FRICTION 
ee at (a—6) to the vertical. From the When a shaft is at rest in its bearing the load 
riangle DE F we have— 


DE Pp W on the shaft acts vertically downwards 
EF = 777 = tan (a—6) 
.. P= W tan (a-0) : » 4) 
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through the centre of the bearing, and we may 
consider the shaft load W to be taken by the 
bearing at the point P (Fig. 137). When rotation 
of the shaft takes place, the friction between the 
ExamMPLE. The mean diameter of a square surfaces in contact causes the shaft to climb up 
thread screw is 2in., and the pitch is }in. If into some such position as.shown in Fig. 138. 


(Not to scale) 
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The point P is now displaced to P,, and the 
reaction vertically upwards is tangential to a 
circle of radius C,C,. The moment of W about 
€C,=W x C,C,=W x-Yr sin 6 which, since 
6 is small, may be written Wr tan 0 or friction 
moment = Wrw. 

Example. A shaft, 8 in. diameter and run- 
ning at 180 r.p.m., carries a fly-wheel whose 
weight is 6 tons. The radius of gyration of the 
wheel is 54 ft. If w for the shaft in its bearings 
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is 0-075, determine how many revolutions the 
shaft and wheel will make before coming to rest, 
and the time of coming to rest after the driving 
torque has ceased to act, the shaft being sub- 
jected to the frictional retarding torque only 
which may be assumed constant. oa the 
kinetic energy of the shaft. 


Kinetic energy stored in wheel at ASS r.p.m. 


—eeelenee— it —— xX y? . ; ; = (Ge) 


Where W = weight of wheel; & = radius of 
gyration of wheel and m= radians per sec. 


180 X 27 


ae nal 
Work expended in friction per rev. 
=Wrux 20 . ; : an (2) 
. revolutions made by shaft before stopping 
(x) Whew? 


2) 2g X Wryan 
5°5 X 5°5 X 367? X 12 X I000 


nee K 322 Kh 4X 75K an ORF TEVS: 


Since the initial speed is 180 r.p.m. and the 
final speed is zero, therefore the average speed 


=0O1.p).m. = I-51.p.s. 
*, time required to bring wheel to rest 


ai 4 = 698 sec. = Ir min. 38 sec. 
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CoIL FRICTION 


When a flexible strap is wrapped around a 
cylinder there is found to be a difference between 
the tensions applied to the two ends at the 
instant when slipping of the strap on the cylin- 
der is about to take place. Let us take an 
element of length of strap which laps the arc 
ABC and subtends the angle 66 (6 being in 
radians) (Fig. 139). The forces acting on this 
piece of strap are the two tensions T and T + 
oT, the normal reaction R and the frictional 
resistance wR. Drawing the force polygon we 
obtain Fig. 140. 


Resolving forces vertically we have 
06 66 
15g — T sin > + (T + 6T) sin > 


0 
R= TsinS + T sin + 87. sin 


00 60 
hia==27 sin = (oT. sin se being negligible] 


=e OO ; 60 : 66. 
[sin = may be written - radians when = 


small] 
Oe, Jess IP. oe) : 5 (eu) 


Again, resolving forces horizontally, we have 


60 00 

pR-+ TF cos ios (T + 6T) cos > 
60 
or wR = 6T cos > 


; 06. 60 
and since 3 sa small angle, cos 3 may be 


taken as equal to I 


Se iss I Me : rae) 
By the substitution of (2) in (1) we obtain 
oT 
ope s.00 sw (3) 
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Integrating between the appropriate limits 
we may write 


Ta 0: 
owe 
T O 


s 


at 
ats log, T =a po 
iy ud 
Chee : : a) 


Exampie. A rope is coiled three times 
around a bollard. Taking mw as 0-3, determine 
the least force with which one end of the rope 
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must be pulled when a load of 3 tons is attached 
to the other end and slipping is just prevented. 


La 29 


or log. T,= log. Tz—- pO log. e 
Ore Wayeay IP = eA 


or 2 — 23-50 lb 

where Ty = (3 X 2240) lb. 
= 03 
6 = (3 X 2m) radians 


T, = least pull required 


Banp Brakes. A band brake is one having 
a flexible strap, which is wrapped partly or 
wholly around the circumference of a brake 
drum. Two arrangements are commonly used : 
(1) One end of the strap is pinned to the lever 
at A, Fig. 141, and the other end to another 
point C in the lever; (2) One end of the strap 
is pinned to the lever as at A, and the other 
end is pinned to some fixed point on the machine 
frame, which point may be the axis pin of the 
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lever itself. With T, and T, as the respective 
pulls in the ends of the strap, we have 
Friction torque = (T,- T.)r, 
— ioe : 5 o) 
A second expression is obtained by taking 


moments of forces about the fulcrum pin B ; 
thus 


(2 x BG)-3 (tx BE) 


= (T,X BD) : : rea 

Also, we may use the expression 

fh 

T = eud : - (3) 
EXAMPLE. A band brake is of the pattern 
shown in Fig. 141, and the dimensions are as 
follows: BE=3m, BG=24m., BD= 
2-5 1N., Y= LOAN., Foi.) Wn 0 == 22 On malian 


= 0:36, determine the vertical force which must 
be applied at F to just hold up the load of 
W = 3 tons. 

Expressions (1), (2), (3) above are available ; 
by substitution in (1) we have 


8 
(hee ee 
10 


= 2-4 tons : . (4) 


I 
Also r oe 
Ss 
if 
<< log T. = yO loge 
0°36 X 220 X 2m X -4343 


a, 360 
= 0:6004 
de 
or T. = 3-085 : eS ee 
Combining (4) and (5) we have 
2°4 
na 2-083 Co 
3°985 X 24 
and i 2-985 


By substitution in (2) we obtain. 


3°985 X 2°4 X 25 2:4 X 3 
ara 2-985 ~ 2-985 
or F = 0:2332 tons. 


FRICTION DRIVES 


PLATE CLutcHES. This form of friction drive 
is of increasing importance in automobile 
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transmission gears. In the usual arrangement, a 
thin metal (steel) disc or discs are placed between 
annular rings of some friction fabric suitably 
supported so that when pressure is applied 
between the surfaces, the rotating driving mem- 
ber “ picks up” the other and so transmits its 
motion. Let Fig. 142 represent the surface of 
an annular ring which is in contact with a 
similar annular ring. When unit pressure # is 


Kee 
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applied between the surfaces, the load on an 
elementary ring of radial width 6x, as in Fig. 
142, is 

p X 2x. dx ‘ a (G9) 


Let us suppose that wear is to take place 
uniformly distributed all over the friction sur- 
faces and, we may assume that wear is propor- 
tional to (1), v the speed of rotation of one 
surface over the other, and (2) # the unit pressure 
between the surfaces in contact ; hence we may 
write 


pxv =constant 
or, since v oc x ...  X x = constant = k (say) 
Rk 
or ee : sui (2} 


By substitution of (2) in (1) and integrating 
we obtain 


19 
Total clamping load = P = iy aes 2mxd% 


°, (ESS a a 1) 
P 


or, == am (fy—7) : m3) 


Further, the friction torque of an elementary 
ring about the axis 
= up X 20%.6x% X x; 


k Ve 


pan Pe = %.2m(%,—73) 


Substituting and integrating we obtain 
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Total friction torque 
ay Be ‘2 ye 2TH X Hd 
in BS 2m (%o — 13) 
Total friction torque 
- [t P(t + 74) 


Example. A single plate clutch (two fric- 
tion faces) is required to transmit 30 h.p. at 
1800r.p.m. If7, = 27,, determine these radii 
when “ = 0-4 and the clamping load is 400 lb. 


Torque Xx 27 
“12 X 33,000° — 
*, torque per friction face 
30 X 12 X 33,000 
~ 2a X 1800 X2 ; a 


Also torque 


a UP (12 + 11) 
a 2 


andy _ 


Yy. 
Bd 


“., (69) == pie 


30 X I2 X 33,000 4X 400 X 57, 
2a EOOO) <2 IoxX2XxX2 

ae 7, = 2:626 in. 

and %, = 3°939 in. 


CoNnE CLUTCHES. Again we proceed on the 


eae 
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assumption of uniform wear and, with the nota- 
tion previously used, we can write 


e= (I) 


Considering (Fig 143) an elementary ring of 
radius x and width, measured along a generator 
of the cone, 6x . cosec 6, subjected to a normal 


R | oo 
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unit pressure #, the load on this ring = p. 0x. 
cosec § X 27x; .. total load normal to cone 
surface 


=x [ p.anx.cosecO.dx . . 


TL 
and on substituting (1) in (2) and integrating 
we obtain 
R = 2zk cosec 0 (7, — 7) 


R 
~ 2a cosec 6 (7%, — 7) 


k 


(3) 


The friction torque on this elementary ring 
about the axis of the cone 


= fl prs Zane COSEC ONO ae any 
= bz cosec 6 2x? . Ox 
and total friction torque 


"9 


= MR cosec 6 2nrxdx 


wr 
pR X 2m cosec 0 (r,2—7,7) 

~ 2ar cosec 6 (72 — 73) “s 2 
BR (% + 71) ‘ ta ; 

= ; >; and R= sin 60 

a BP (% +1) 

>. aaecen (4) 
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EXAMPLE. The semi-angle of a cone clutch 
is 7°, and the smaller diameter is 20 in. Deter- 
mine the larger diameter of the cone and the 
axial length of the clutch required to transmit 
120 h.p. at 1500 r.p.m. when the clamping 
pressure is 350 lb. Take w = 0-17. 


hops << 129 <4 333000 


Torque = ae 
i 120) KUL2) X13s 000 bein, 
2m X 1500 
PUG, Y 
Also torque = ei 2h 
BAe a OA 50) 
or torque ae 3 fat a es) 


We may now equate (1) = (2) 
120 X I2 X 33,000 -I7 X 350 (% + 10) 
2m X 1500 2X 1250 


or, 


fo — 20-0500 
or larger diameter = 21-3 in. 
65 “65 
tan 7° -1228 


Axial length of cone = 


= 5-27 in. 

Note. Plate and cone clutches may also be 
treated on the assumption of a uniform distribu- 
tion of pressure and, as this is rather easier than 
the above text, it is left as an exercise for the 
student. ; 


POWER TRANSMISSION BY BELTING 


(Continued from page 1234) 


Speed Ratios. With the ordinary drive the 
speed ratio is limited, a ratio of about 6 to I 
being the limit. With the Lenix pulley, speed 
ratios of 30 to I have been successfully used. 
This is, of course, an extreme case. 

Stopping and Starting Devices. The Lenix 
pulley can be used as a stopping and starting 


device, since the belt becomes quite slack when 
the Lenix pulley is lifted from the belt. 


Stupy. Compare the belts necessary for an ordinary 
and Lenix drive. Motor, 15 hp. -at 1,000 r.p.m. 
Pulleys, gin. and goin. diameter. Centre distance, 
5 ft. Take wu = 0-4 for ordinary drive, uw = 06 for 
the Lenix drive. Belt, cemented, single. 
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LESSON- V 


_ STRUCTURAL STEEL— (conéd.) 


Wind Load on Steel Frame Buildings. In many 
steel frame buildings special calculations for 
_ the stability of the structure as a whole for 
resisting wind are not necessary, as the floors 
act as deep horizontal girders and transfer 
wind loads to cross walls, which prevent any 
tacking. If stiffening walls are absent and it 
is not feasible to employ diagonal members to 
form, with the beams and columns, vertical 
braced cantilevers, the side load will produce 
bending moments in each column which must 
be taken up at each floor by the beams con- 
necting them. 

On the assumption of absolutely rigid con- 
nections and knowing the relative stiffnesses of 
beams and columns, the stresses in the struc- 
ture can be completely determined, but the 
process is complicated and hardly justified by 
the nature of the assumptions made. 

A sufficiently accurate method of analysis for 
calculating the stresses in the individual 
columns due to shear on the structure regarded 
as a cantilever fixed at the ground-level, is to 
assume that the wind loads are applied at floor 
levels, and that each column is pin connected 
at its mid-height, as indicated in Fig. 25, which 
shows the centre lines of beams and columns of 
one bay in one storey of a tall building carried 
by three lines of columns. 

As the movement of each pin in a horizontal 
line may be assumed to be the same and pro- 
portional to the applied load divided by the 
moment of inertia of the column, the total shear 
at the line of pins is assumed to be divided 
between the columns in proportion to their 
moments of inertia, so that the greatest hori- 
zontal load comes on to the stiffest column. 

The resulting bending moments will be as 
indicated in the figure, the diagrams being drawn 
on the tension sides of the members. 

At any internal joint, the sum of the column 
bending moments is assumed divided between 
the beams in the proportion of their moments 
of inertia divided by their lengths. The end 
bending moment in the beam joined to the 


79—({5462) 


outside column is the ‘sum of the bending 
moments in the column. 

The wind load will also cause tension in the 
columns on the windward side and compression 
on the leeward side. The outside columns will 
naturally receive the maximum stresses. These 
vertical. tensile and compressive _ stresses, 
assumed constant throughout the section of 


le ef=e,h 


fH! 


cena | 
roy 


Pbpete sy sh 


Centroid of 
Column Areas 


Diagram of Axial Stress in Columns 
due to Wind. 
Fic. 25 


each column, may be found as follows: (z) 
find the centroid of the column areas, (2) calcu- 
late the moment of inertia of the areas about 
the centroid, (3) divide the bending moment at 
the horizontal section considered (which should 
be in a line of “pins’’) by this moment of 
inertia, (4) multiply the quantity thus found by 
the distance from the centroid to find the stress 
in the column (tensile or compressive), (5) multi- 
ply the stress so found by the column area. 

As it is usually permissible to ignore stresses 
due to wind if they are not more than one- 
quarter of the stresses from dead and live loads, 
the last calculation is rarely necessary, but for 
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stability the joints should be capable of resisting 
the bending moments shown in the former 
analysis. 

Wind Load on Bridges. In bridges, the lee- 
ward girder is to a certain extent shielded by 


Steel Bearing 
Plate, 


Masonr 
Template. 
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the windward girder. Thus, in experiments 
made by Sir Benjamin Baker on lattice girders 
used in the Forth Bridge, the resistance offered 
by two girders at a distance apart equal to their 
depth was about 1-2 that of one girder. With 
a distance apart 2, 3, or 4 times the depth, the 
resistance was about I°5, 1:7, and 1:8 times, 
respectively, that of one girder. The single 
lattice girder gave a resistance 1-15 times that 
of a plane surface of the same dimensions. The 
presence of an extra girder half way between 
them increased the wind effect only slightly. 

B.E.S.A., No. 153, requires, however, that if 
the distance apart of the two girders exceeds 
twice the depth, the whole exposed surface of 
each girder shall be taken into account. 

The wind load on a train passing over a 
bridge will transfer stresses to the structure 


WO Steel Pin 
Y 17 ' ' 
Tar 
CLL 
Cast Steel 
Bearing Plate, 
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regarded as a horizontal girder, similar to those 
produced in the vertical girder by a rolling load. 

The wind load on the structure itself produces 
Stresses in the horizontal girder, similar to the 
dead. load stresses in the vertical girder. 

The worst overturning effect of the wind on 
a bridge will occur when the leeward track is 
covered with the largest empty vehicles that 
can come on it. In Mr. Adam Hunter’s Bridge 
and Structural Engineer's Handbook, the centre 


ENGINEERING EDUCATOR 


of the train is given as 7 ft. 6 in. above the rail © 
level, its area 10 sq.ft. per foot run, and the 
lightest load 10 cwt. per foot run. 

For road bridges the centre is 6 ft. above the 
road, area 8 sq. ft., and load 6 cwt. a foot run, 


SS eee 
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except for trams for which the corresponding 
figures are 8 ft., 14 sq. ft., and 10 cwt. per foot 
run respectively. 

Side Thrust on Bridges due to Track Curvature. 
When a load such as a train travels in a curve, 
it exerts a centrifugal thrust which causes a side 
load on the bridge carrying the track which 
may act at the same time and in the same 
direction as the wind. If W =the weight of 
the train per foot run, V = its speed in miles 
per hour, and y= the radius of curvature of 
the track in feet, then 


AG 
the side thrust per foot run = aay 


which may be taken as acting 5 ft. above the 
rail level. 

Braking Effect. The effect of the sudden 
application of continuous brakes when a train 
is crossing a bridge causes a longitudinal force 
which must be transferred by the structure to 
the supports. The tractive effort of the engine 
has a similar effect, and either may be taken as 
20 per cent of the weight of the train. 

Temperature. In a steel bar an increase in 
temperature of 1° F. causes its length to increase 
by about -0000066 of its original length. 

Thus, a range of 100° F. would cause in roo ft. 
of steel a change of length equalling -0000066 x 
100 X 100 X 12 = -8in. The range observed 
in the Forth Bridge is less than 4 in. in 100 ft. 

For long lengths of steelwork in buildings 
provision is made for expansion and contrac- 
tion by slotting the holes in bolted connec- 
tions, but many large buildings have been 
erected with no provision for expansion, the 
stresses set up by the restraint of natural 
movement being covered by the factor of safety. 

End Bearings for Bridges. For girders less 
than about 7o ft. span, it is usual to rivet a 
bearing plate under the ends with rivets counter- 
sunk on the underside. 
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The load from this may be transmitted to a 


masonry bed-plate direct or through sheet lead - 


or layers of felt to make the pressure on the 
masonry more uniform. 

The allowable pressures due to dead load, 
live load, impact, and centrifugal force are given 
in B.E.S.A., No. 153, as 25 tons per sq. ft. on 
granite, 20 on sandstone, 18 on 4-1 cement con- 
crete, and I5 on 6-1 cement concrete. These 
figures when compared with 600 lb. per sq. in. 
(38-6 tons per sq.ft.) which is a commonly 
allowed compressive stress in I : 2: 4 ballast 
concrete are seen to be not excessive. 

When the girder deflects there is a tendency 
to increase the pressure on the edge of the 
masonry nearest the opening, and it is advisable 
to chamfer the edge of the template as indicated 

“in Fig. 26. 

At one end, the bearing plate should be held 
in position by bolts bedded in the masonry. At 
the other end the holes for the bolts are some- 
times slotted to allow slight longitudinal move- 
ment, but where it is necessary to make pro- 
vision for such expansion a better method is to 
provide for movement between the bearing 
plate and a steel plate bolted to the masonry ; 
lateral movement being prevented by a pro- 
jection in one plate sliding in a groove in the 
other. ; 

For long spans it is common practice for one 
bearing to come on a large diameter circular 
bar or pin between two castings, one fixed to 
the underside of the girder and one bolted to 
the masonry, as indicated by the cross-section 
shown in Fig. 27. This arrangement permits 
of angular movement at the ends, due to the 
deflection of the girder, without altering the 
uniformity of the pressure on the masonry. At 
the other end a similar bearing is provided, but 
the lower casting instead of being fixed to the 
masonry rests on rollers with axes perpendicu- 
lar to the line of the girder which, in turn, bear 
on another casting bolted to the masonry. 

As the movement is not great, the rollers, 
instead of being completely circular, are often 
made as in Fig. 28, to permit closer spacing. 

The allowable load on rolled steel rollers in 
tons per inch run is given in B.E.S.A., No. 153, 
as d/4 where d is the diameter in inches which 
should not be less than 4 in. 

Friction. The resistance to end movement 
will vary with the vertical load on the bearing, 
and the nature of the surfaces in contact. 

According to B.E.S.A., No. 153, for roller 
bearings the longitudinal thrust to cause move- 
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ment may be taken as 3 per cent of the vertical 
load. For sliding bearings of steel on cast iron, 
the frictional coefficient is 25 per cent. 

The longitudinal force to overcome this fric- 
tion must result in stresses throughout the chord 
to which the bearing plates are fixed, and will 
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be tensile or compressive according as the tem- 
perature is falling or rising. 

Braced Girder Bridges. Fig. 29 represents in 
outline a braced N or Pratt truss for a single 
line railway. 

The members ae and dh are the bottom booms 
or chords (tension members) ; bf and cg are the 
top booms (compression members) ; ab and cd 
are the end posts ; bj, cm, etc., are diagonal ties ; 
ak, np, st, etc., are vertical posts. The central 
diagonals ps, mt are without stress for dead load 
only, but are subject to alternating stresses as 
the train crosses the bridge; they are usually 
made to resist compression. 

The lines ad and ef indicate the abutments ; 
qm, ny, etc., are the cross girders or floor beams 
carrying the stvingers or rail bearers parallel to 
the bottom booms. The ends m, 7, etc., of these 
girders are usually rigidly connected to the 
vertical posts, stiffening them as do the braced 
girders at the top of the posts, which form the 
struts of the wind bracing of which the diagonals 
ch, bl, etc., are in compression or tension, accord- 
ing to the direction of the wind. The wind 
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load carried by the top booms is partly trans- 
ferred to the floor system by the frames jklm, 
etc., and partly by the horizontal girder bfgc to 
the ends bc and fg, and from thence by the 
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It will be noted in the through girder that the 


heavy end posts are inclined, as also are the top 
booms. 
ber could have been inserted between a and k, 


In Fig. 29 a heavy compression mem- 
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frames abcd, efgh, which have a stiff portal 
bracing at the top. 

The floor of the bridge is also diagonally 
braced for wind unless it is made rigid, as when 
the floor system is carried continuously on the 
bottom booms. 

The half-tone illustrations, Figs. 30 and 
31, from photographs kindly lent by Messrs. 


and the members ab, bk, and bj omitted with a 
resulting economy. The sloping of the mem- 
ber kp would have reduced the stress in the 
member kn, 

The rocker bearings of the type shown in 
Fig. 27 are clearly illustrated in Fig. 30, as is 
also the wind and portal bracing. 

The deck girder, Fig. 31, has a floor on the 
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Dorman, Long & Co., Ltd., show a through 
girder of the Warren type assembled in their 
shops, and a deck girder only partially assem- 


bled. 


DeEcK GIRDER PARTIALLY ASSEMBLED ¥ 


top boom of troughing similar to that shown in 
Fig. 6. 

Columns and struts will be discussed in the 
next lesson. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mercu.E. 


LESSON XXIV 


Search for Reference. Although the relation- 
ship between the various sections of engineering 
is very intimate, the field is so wide that it not 
infrequently happens that a draughtsman is 
faced with the problem of designing an 
unfamiliar machine detail. Unfamiliar, that is, 
in the sense that the drawing office possesses 
neither data nor guidance drawing for reference. 

In such cases it is not unusual to seek a 
specialist in the manufacture of this particular 
machine detail, and give this part of the work 
to an outside contractor. The alternative is to 
relate recognized general principles in design to 
any information which may be available in 
catalogues or engineering periodicals. 

Worm Gearing. As an example of meeting 
the above contingency we may deal’with the 
following specification of a worm gear. 

Twisting moment to be transmitted to the 
wheel shaft = 20,000 lb.-in. 


Speed of wheel shaft = 40 rev. per minute. 
Speed of worm shaft = 360 _,, a 
Service: continuous for 30 minutes. 


It is evident that the foundation of the design 
consists in the diameters of the worm and wheel, 
and that the dimensions of same will, in turn, 
be influenced by the nature of the materials 
used in the construction. Now although precise 
data may be lacking regarding the outline and 
proportion of worm gearing, there is a certain 
amount of information of a general character 
in circulation, such as the choice of materials 
to form suitable rubbing surfaces. Tapping 
this information, we may choose manganese 
bronze and steel as the most suitable materials 
for worm gearing, making the worm of steel and 
the worm wheel of manganese bronze. 

Skeleton Design. We have remarked that, 
given a good reference drawing, the art of 
machine design consists in a great measure of 
a combination of interpolation and a building 
up of existing machine details. Without the 
reference drawing a different method is neces- 
sary. In the latter case we suggest commenc- 
ing with a skeleton drawing of the part, and 
using the outline as a guidance in suggesting 
the various stresses and other considerations 


which determine the final proportions of the 
detail. ; 

It cannot be too strongly urged that a 
rapidly drawn preliminary outline of the machine 
detail is worth the labour, and invariably saves 
time and trouble when the final drawing is 
made. 

The above outline drawing is made to no 
particular scale, but simply to suit the eye 
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regarding a probable proportion. Referring to 


Fig. 1, we have 


D = pitch.circle diameter of worm wheel in 
inches (nominal). 

ad = pitch circle diameter of worm in inches 
(nominal). 


D, = diameter of worm wheel shaft in inches. 

d, = diameter of worm shaft in inches. 

F = axial thrust on worm shaft in lb. 

S =separating force between worm and 
wheel in lb. : 

p =pitch of worm and wheel teeth in 
inches. 


L = lead of worm in inches. 
T = number of teeth in wheel. 
T, = twisting moment transmitted through 
wheel shaft in lb.-in. 
t, = twisting moment transmitted through 
worm shaft in lb.-in. 
fw = width of wheel teeth in inches. 
In designing the gear we may approach the 
problem along two distinct lines, the one lead- 
ing to a minimum size and the other to a 
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maximum efficiency. With certain ratios of gear 
and powers to be transmitted, a maximum 
efficiency may be obtained within the mini- 
mum dimensions but, where a minimum size 
gear fails to provide a maximum efficiency, a 
compromise is usually made between the two. 
Referring to Fig. x and considering the 
problem first with a view to finding the smallest 
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size of gear consistent with a reasonable strength, 
we may relate the various dimensions to the 
safe working stresses and the power trans- 
mitted. 

Finding a suitable value for T, we observe 
that to fit a single threaded worm as shown in 
Fig. 2 the number of teeth in the wheel would 
equal the gear ratio, ie. 9. The generating of 
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such a small number of teeth would result in 
undercutting. Where, to avoid undercutting, 
the number of wheel teeth is made greater than 
the gear ratio it becomes necessary to make the 
worm multiple threaded as in Fig. 3, which 
shows a double-threaded worm. 

Considering 30 as a minimum value for T, 
a gear ratio of 9 would require a quadruple- 
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threaded worm giving a value of T=4 xX 9 
== 210. 

Where, as in the above design, a number of 
the factors are variables, it is advisable to relate 
the same in an approximate manner to obtain 
a working value for one factor which may serve 


fe} 
Erriciency of Worm % 
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as a foundation in the design. Proceeding to 
find a suitable value for # we have where 


B.M. = bending moment on tooth in Ib-in. 
R.M. = resisting moment of tooth in lb,-in. 
= stress induced in teeth in lb per 
sq. in. assuming the force F to be 
taken by one tooth. 


B.M. = F xX -3683.$= ae X +3683p 
. 2 +t 
EOE aie (52) — aes approx. 
making A = 45° and f, = jd 
4P ca 
ad =tan 4591 
eal 2 ey SEL oe 
a= 7 and fu = i X ete 


and allowing a safe working stress of 8000 lb. 
sq. in. 
. 2 y 
ie 
7 


x 8000 = 318-4 


D di 
also p = "F on D = Bw, 


7 7 


ae ae : 
ae X +3683p 
= 2 X 20,0007 X +3683 
cae 
= 1285 lb.-in. 


then B.M. = 
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Equating R.M. = B.M. 
318-4p3 = 1285 


1285 \4 t 
f= aa = I°592 In. 


say 12 in. 
1 6 6 
pee 30x 1025, SS on 
7 7 
20,000 X 2 
F= 862. —— 2148 lb. 


S = F.tan 144° = 2148 X -:2586 = 556 lb. 


Proceeding to the design of the worm, allow- 
ing a safe shear stress in the worm shaft of 


6000 lb. per sq. in. and assuming a gear effici- 
ency of go per cent. 


i ge 
6 1 
d= oa) * = 2-13 = 1-28 in. 
ried say I°5 in. 
d =d,+2 X 3683p =1'5 + -7366 X 1°625 
Gps t= 1-2 = 2-7 in. 
as 6 
A tan* Jah ee 7605 = tan 37°—20°5 


2797 

Having determined a minimum size of gear 

in terms of strength we must, before finally 

accepting the same, consider the condition of 
the rubbing surfaces. 


Let P = pressure between worm and wheel 
in lb. per sq. in. 
V = peripheral speed of worm in ft. 
per sec. 
' A = area of rubbing surfaces in sq. in. 
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Referring to Fig. 5, A may be approximately 
estimated to equal 2:1. 


F 2148 
P= Aco 3 ) 
y — C74 3183) X 2) 7X 300 _ 3730 


12; 60 2 
= 5°857 © 
PV* = 1023 X 5°857t = 1850. 
Although in estimating the above value of 
P we have assumed the whole of the tooth load 


to be taken by one tooth, the above value of 
PY? is rather high, and we shall be advised to 


= 
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consider the question of increasing the area A. 
This may be done by an increase in diameter 
d, but such an alteration will result in a reduced 
efficiency of gear. 

Assuming a value of 0-05 for the coefficient 
of friction between the worm and wheel. 


tan A. 
tan (A + ¢) 


Plotting values of efficiency in terms of the 
angle 4 we obtain a curve as shown in Fig. 4, 
from which we observe that for values of A 
above 30° the increase in efficiency is very 
small. 

Proceeding, we may decide to take a value of 
4 = 30°, and so find modified values of d, P, 
and V. 


A ee ate <e 
7 tan 30 


Efficiency = 


4 X 1°625 
‘5773 7 


A = 2:35 approx. (referring to Fig. 6) 


say 3°6 in. 
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HS 2548 
eee A oe = Or4ilb. 
Vv (3°6 +2 X -3183p) 7 X 360 4°63 * 
T% I2 X 60 me 
SS YE 


PVt= 014 X 7°27* = 1770. 


Standard Modules. It will be observed that 
the values of D and d in the above gear have 
been determined upon the assumption that the 
older method of choosing a circular pitch of 
even dimension would prove the most suitable 
to the shops in making the part. We may, in 
passing, briefly consider the modern method, of 
fixing the diameters D and d, referred to on 
page 700, in Lesson VII on Gearing. 
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Proceeding to find the module for the above 
determined values of D and d, we have 
M = wheel module 
g = worm module. 


p T-625 


These values are odd and it will be evident 
that commencing the design with regard to 
standard modules would result in slight varia- 
tion to the above determined values of D and d. 

We may also observe that it is a practice 
with many designers to base the teeth dimen- 
sions, for lead angles exceeding 20°, upon the 
normal instead of the axial pitch as in the 
above example. 
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By J. F. Corrigan, M.Sc., A.I.C. 


LESSON XXIII 


THE FATHER OF THE CHEMICAL 
INDUSTRY 


JAMES MUSPRATT (1793-1886) 


CHEMICAL manufacture in the eighteenth cen- 
tury was a severely restricted occupation. The 
demand for chemicals was not great, the variety 
of them was few, and their manufacture was an 
affair of small scale pot-and-pan processes. But 
with the ever widening sphere of engineering 
and industrial interests, and the enormous 
strides which the science of that day was 
making, the demand for supplies of chemicals 
of one variety or another naturally began to 
increase. 

Among the early pioneers who attempted and 
eventually succeeded in meeting this growing 
demand in a satisfactory manner was James 
Muspratt. Muspratt is little known at the pre- 
sent day, yet our modern chemical engineering 


industries have had their rise in his early 
efforts. He is, in fact, the ‘‘ Father of the 
Chemical Industry.” 

Born in Dublin, of English parents, in 1793, 

Muspratt, at a very early stage of his life, 
showed a decided leaning for pursuits of a 
chemical nature. He went to a local school, 
and was afterwards apprenticed to a Mr. 
Mitcheltree, a Dublin druggist. Here he became 
acquainted with the business which he was 
destined to develop and expand during his later 
years, : 
Muspratt’s first essay in chemical manufac- 
ture occurred when he made an endeavour to 
meet the growing demand for_the heavier 
chemicals. This was in the year 1806. He 
made hydrochloric acid, potassium ferrocyanide, 
and similar chemicals on a small scale. The 
attempt was a successful one, but the manu- 
facture of the chemicals was a difficult task for 
young Muspratt. 

A few years later, Muspratt came to England, © 
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and entered into partnership with a Mr. Josias 
Together, they erected 


Christopher Gamble. 


JAMES MuSPRATT 


a small works at St. Helens in 1828. Alkalis 
formed the chief product of the works. The 
partnership only lasted for a couple of years, 
however, after which Muspratt founded new 
works, and launched out on his own account to 
manufacture soda by the newly devised Leblanc 
process. In this manner the British alkali 
industry was set up. 

Muspratt married in 1818. He had ten 
children, four of his sons—James Sheridan, 


Richard, Frederick, and Edmund Knowles - 


Muspratt—subsequently becoming chemists and 
chemical manufacturers of note, and succeeding 
to the business. 

Besides conducting his manufacturing opera- 
tions according to the recognized processes of 
the day, Muspratt devised new manufacturing 
schemes. He laid down the foundations of 
that, until recently, very much neglected branch 
of engineering—chemical engineering—devising 
new principles involving the heating of liquids, 
transport of liquids from vessel to vessel, 
distilling operations, and so forth. 

Muspratt died on the 4th May, 1886, at 
Seaforth, near Liverpool, in his ninety-fourth 
year. Throughout his strenuous career he 
gained the respect and admiration of his fellow 
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industrialists ; and if his manufacturing opera- 
tions and processes succeeded in transforming 


An EARLY CHEMICAL EVAPORATING VAT 
(From an Old Print) 


rural areas of countryside into ugly and 
smoke-laden manufacturing districts, the nation 


CHEMICAL CRYSTALLIZING PANS IN THE TIME 
oF MUSPRATT 


(From an Old Print) 


benefited thereby, and it was enabled to attain 
its one time status of the world’s leading 
chemical manufactory. 


1250 


ENGINEERING EDUCATOR 


GAUGING AND INSPECTION 


By JosepH G. Horner, A.M.I.Mecu.E. 


LESSON V 
THE MEASUREMENT OF ANGLES 


Bevel Protractors. The setting out and check- 
ing of angles or bevels is provided for in several 
instruments. The common bevel is adjusted 
from a plain protractor, divided round into 


degrees. 
use. 
An instrument with very extensive utilities 
is the form of bevel protractor shown by Fig. 30. 
It comprises a blade, either 6 or 12 in. long, 
which can be slid along its entire length and 
clamped, and can be set to any angle 
relatively to the base by reference to 
the dial, around which it is moved, 
and clamped with the central stud. 
The dial is graduated in degrees 
round the entire circle, the lines 
being sunk slightly below the sur- 
face. A vernier is fitted which reads 
to 5 min., or =4°. The method of 
reading is shown in the enlarged dia- 
gram, Fig. 31. Each space on the 
vernier is 5 min. shorter than two 
spaces on the main scale. When the 
o line on the vernier coincides with the o line on 


These are made of steel for shop 


the main scale, the edges of the base and blade 


are parallel. When the swivel head is moved so 
that the line on the vernier next to 0 coincides 
with the line next but one to 0 on the main 


scale, the angle included between the base and 
the blade is 5 min. or 7°. Hence the rule, 
read off directly from the main scale the num- 
ber of whole degrees between 0 on the main 
scale and o on the vernier. Then count in the 
same direction the number of spaces from the 
o of the vernier scale to a line that coincides 
with a division on the main scale. 
Multiply this number by 5, and the 
product will be the number of minutes 
to be added to the whole number of 
degrees. In Fig. 31 the o line on the 
vernier has moved 12 whole degrees 
from the o line on the main scale, and 
the eighth line on the vernier coincides 
with a line upon the main scale, as 
indicated by the arrow. Multiplying 8 
by 5, the product, 40, is the number of 
minutes to be added to the degrees, 12°, 
40min. The instrument can be used to 
check angles in all conceivable positions 
and varied conditions. 

A protractor of a different type for 
laying down or checking angles is 
shown by Fig. 32. The blade, 6 in. 
long, is locked with a nut. The gradua- 
tions are in degrees from o to 180, both 
ways. The rectangular head gives four work- 
ing faces. A similar instrument has a semi- 
circular head. Another useful design is illus- 
trated in Fig. 33. A rule fully divided passes 
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through an adjustable circular turret which is 
graduated from o to 180°, to read both ways. 
The head extends on both sides of the blade, so 
that angles can be transferred from either side 
without resetting. These are made with English 
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and metric graduations, with rules of different 
lengths, and in combination forms that include 
the turret or dial, a square, and a centre square. 

The Sine Bar. This is one of the later instru- 
ments for measuring angles, the claim being 
made that it is more reliable than setting angles 


Fic. 32. A BEVEL PROTRACTOR GIVING FouR 
WorKING FACES 


with the protractor, the disc of which is of 
small diameter. Itis based on a trigonometrical 
function of an angle, namely, the sine, which is 
the relation which the height bears to the 
hypotenuse of a right-angled triangle, that is, 
= Values are obtained directly from a table 
of sines. : 

In its essentials, the sine bar (Fig. 34) is a 
strip of steel having two hardened studs set 
_at precise centres, generally Io or 5 in. 
in the axis of the strip, which give a 
sufficiently long basis for measurement. 
Slots are provided for clamping it against 
the face of an angle plate or a slotted 
upright. The ro in. bar is convenient, 
because, since the functions of angles 
are based on a radius of 1, if the decimal 
in the table of sines is moved one place 
to the right this is equivalent to multi- 
plying by 10. Ifa bar withs5 in. centres 
is used, then the sine is multiplied by 5. 

The height of the bar can be set with 
any of the standard gauge blocks, or height 
gauges. Thus, taking a bar with plugs at ro in. 
centres, to set the bar to an angle of 30°, Io min., 
the sine is 0:50251 in. Moving the decimal one 
place to the right gives 5-0251in. from the 
centre vertically, of the lower pin to that of the 
upper, plus the distance of the lower pin from 
the table. Measurement is more conveniently 
taken from the lower edges of the studs than 
from their centres. Instead of clamping, the 
angle plate may be drilled and bushed to locate 


1251 


the left-hand end of the sine bar at either of 
the holes with a plug. Then the height to the 
right-hand stud is measured and set, plus that 
of the height to the plugged hole. 

The sine bar mounted on an angle plate is 
not the most convenient form, since it is not 
entirely self-contained. A better design 
is the Taft-Peirce, Fig. 35, in which the 
bar is of an angular form like a try- 
square, pivoted on a stud in the angle, 
the stud being adjustable vertically, and 
clamped in a slot in an upright member 
mounted on a base. A parallel straight- 
edge is set on the base from which all 
datum measurements are taken. The 
lower edge of the sine bar, and the top of 
the straight-edge are used for checking 
angles. The centres of the studs are 
5in. If the bar is to be set for an angle 
of 2°, 23 min., the sine of this is found 
to be 0:04159. Multiplying this by 5 (for 
5 in. centres) the result is 0:20795, which is the 
distance the movable stud must be set higher 
than the pivot stud. Sine bars are useful for 
checking the angles of bevel wheel blanks. Two 
bars mounted on a plate and set, test taper gauge 
and standard tapers. 

Angle Gauges. The Johansson system has 
been extended in one direction to measure 
angles by the combinations of angle blocks. 
The single angles are formed at the ends of 
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Fic. 33. PROTRACTOR WITH WHICH ANGLES CAN BE 


TRANSFERRED FROM EITHER SIDE 


strips. There are 85 pieces in three series. In 
one, comprising 15 pieces, the angles increase 
in minutes from ro to 11°. In another, with 
40 pieces, angles are included from 0 to go° in 
increments of 1°. In the third, with 30 pieces, 
a range is covered from 89 to go° in minutes, so 
that each angle is larger by 1 min. than the 
previous one. The pieces in each series have 
from two to four angles each. 

The Three-wire System. Fixed screw thread 
gauges, outside and internal, are used generally 
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for checking commercial screw threads. But 
more refined methods are in use when more 
accurate results are required, as in the gauges 


Fic. 34. A SINE BAR 


themselves and in some instruments. In one 
of these—the three-wire method, Fig. 36—two 
wires of gauged diameters are laid in contact 


\e 


Fic. 35. THe Tart-PEIRCcE SINE Bar 


with the sides of the thread on one side, and one 
on the opposite side, coming midway between 
the two. Then a micrometric measurement is 
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Fic. 36. THREE-wirE METHOD OF MEASURING 
SCREW THREADS 


taken over the wire, and a calculation made 
with a formula that varies with different sec- 
tions of thread. In Fig. 36, D is the diameter 
over the wires, d that over the tops of. the 
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thread, P the pitch, and W the diameter of the 
wires. 


Then D=d- AP + BW, 
Then for Whitworth threads, 
A = 17-6008 and 1-33-1657; 
and for Sellers threads, 
A = 1°5156 and B = 3-000. 
When this method of measurement is adopted, 
the screw profile must be exactly ’standard. 


Fic. 37. WHITWORTH SCREW PitTcH’ GAUGE 
WITH 26 PITCHES 


The Leaf Gauges. These are a very large 
group of fixed gauges, comprising an assemblage 
of, thin steel leaves, having the edges shaped to 
suit the objects to be tested. The most com- 
mon are those for measuring the pitches of 


Fic. 38. THICKNESS GAUGE WITH NINE 
LEAVES 


screws, Fig. 37. Each group includes a number 
of threads of many pitches of one standard size 
and proportion, Whitworth, Pipe, Metric. The 
serrations on the edges of the leaves correspond 
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with the standard thread sections, from 22 to 
30in number. When the teeth that correspond 
with the thread to be tested are ascertained, the 
pitch can be read on the leaf. The end of each 

. ae eee 


= 


Fic. 39. A TAPER GAUGE FOR 
MEASURING HOLES 


leaf is narrow to permit of passing it 
within a nut. To enable the workman to 
find the sizes of drills for holes to be 
tapped, each leaf is stamped to show the 
double depth of thread, whence the size 
is obtained for a full thread. If the 
thread is not to be of full depth, an allow- 
ance will be made. 

The same design of leaves is embodied 
in many other gauges. Some of these 
measure the radii of fillets for forming 
tools and dies. In another the ends are 
ground to angles in degrees, from I to 
45°. Others, of which Fig. 38 is typical, 
measure the thicknesses of minute slots and 
spaces that cannot be tested by other 
means. They are stamped for different sys- 
tems. Each leaf may be used singly or in 
combination with others. Tapered gauges are 
a variety of the leaf designs, Fig. 39. They 
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are graduated to read in thousandths of an inch. 
They measure the width of slots, and the inside 
sizes of tubes and holes. Calipers can also be 
set to size, within the range. A combined 
taper, thickness, and wire gauge is shown by 
Fig. 40, which shows the front, and reverse 
sides of the two leaves, one for wire, the 
other as a rule, on one side, and on the 
other giving thicknesses corresponding with 
tapers. 

The wire gauges with notches on circular or 
oblong’plates are familiar. They are used for wire 


Fic. 40. A CoMBINED TAPER, WIRE, AND THICKNESS 
GAUGE 


and sheets. They lack uniformity in numbering, 
having evolved like screw threads from crude 
beginnings. The Birmingham or Stubs gauge is 
that used in England, but for precise dimension- 
ing it is necessary to state the sizes in decimal 
parts of an inch that correspond with gauge 
numbers. 
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BLAST FURNACE PRACTICE 


By Percy C. R. Kinescort, D.LC., AGRUGSCy Eales, BSc) (bons) 


LESSON X 
ORES 
TREATMENT OF ORES 


IpEAL furnace practice is based upon uniformity, 
one of the many factors being the grading of the 
ores. To this end, it has become the custom to 
crush the ores to definite sizes, depending upon 
the nature of the material and the practice 
adopted. Grading of material has a great 
influence upon the distribution of the burden 
column, thus ensuring that most essential 
uniform contact with the ascending gases. A 
common size is that of 4in., ie. the ore being 
crushed so that all the pieces will pass through 
a screen with mesh of that size. 

Apart from this operation, many iron bear- 
ing substances require special treatment, the 
different beneficiation processes being described 
briefly below. 

Roasting consists in heating the ore in contact 
with air, without causing sintering, in order to 
remove sulphur. 


FeS + 20, = FeSO, 
4 FeSO, =2 Fe,O; a 4 SO, a O, 


This operation is generally conducted in 
kilns where the heating is accomplished by 
burning solid, liquid, or gaseous fuel. One of 
the commonest types of kiln is the Gjers kiln, 
which is a vertical steel cylindrical shell provided 
with a bosh, and lined with firebrick. The 
height is usually 20 to 35 ft., and the diameter 
15 to 25 ft. The bottom of the shell is provided 
with suitable openings for the removal of the 
roasted ore and for the air inlets. Ore is 
charged at the top and spread at intervals with 
a layer of fuel which may be slack coal or 
coke breeze, the operation of the kiln being 
continuous. 

A well-known type of gas-fired kiln is the 
Davis-Colby, in which the ore descends in a 
comparatively thin sheet between firebrick 
walls, being subjected to the action of burning 
gases. A recent modification of this type con- 
sists of a long rectangular kiln in which the 
roasting chambers are built in duplicate. There 
is a firebrick chamber on each side of each of 


the two ore chambers, gases being burnt in the 
outside chambers which communicate with the 
inner ores by suitable openings. The inner- 
most chambers collect the products of combus- 
tion and connect to the chimney. Roasted ore 
is removed by chutes at the bottom. 

Calcining is also performed in kilns as described 
above, but is undertaken for a different reason, 
viz., in order to remove water, to decompose 
carbonates, to render dense ore more porous, or 
to alter the state of oxidation of the ore to the 
magnetic oxide in order to facilitate subsequent 
concentration. ° 

Carbonates, such as the clay ironstone of 
Cleveland, when calcined, lose carbon dioxide 
according to the equation— 


4 Fe CO, 4+ 0, = 2 FeO, ++ 4 C0, 


The operation renders the ore porous and in 
a form readily accessible to the reducing gases 
of the blast furnace. As the reaction is endo- 
thermic, it is more economically achieved in a 
kiln than in the furnace itself. 

Magnetites can be pulverized, or changed toa 
higher form of oxide Fe,O3, by suitable treat- 
ment. On the other hand, ‘“ hematites’’ can 
be converted into the magnetic oxide in a 
reducing atmosphere, preferably at a low tem- 
perature, in order to avoid fusion of the ore. 


6 FeO, — 4 Fe,O, -l- O, 


Large lumps and fines should be avoided, the 
ore being preferably of a uniform size. 

Concentration takes the form of washing, 
jigging or magnetic concentration, the latter 
being either wet or dry in application. 

Washing is applied to the removal of argil- 
laceous material from nodules of ore. Running 
water removes the clay particles, leaving the 
heavier ore. 

Jigging is applied to sandy ores. The latter 
are placed in boxes with perforated bottoms, 
which are caused to pulsate in water. The 
contents of the boxes are thus agitated and 
become separated into layers, the fine sand 
rising to the top and passing away, whereas 
the heavy ore travels to the bottom. 

Magnetic separation is resorted to with ores 


+ 
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naturally or artificially magnetic. They are 
crushed to suitable fineness and passed in a 
thin layer past magnets which separate the 
gangue from the magnetic oxide. 

Leaching with chemicals is 
adopted. 

Briquetting consists essentially in the agglom- 
eration of fine ores. The latter are mixed 


occasionally 


-with a binder or merely moistened, pressed 


into shape under heavy pressure, dried and 
generally burnt in a kiln, similar in operation 
to a continuous brick-kilin. Flue dust can 
be utilized either by mixture with ores as 
above, or by mixing with a catalytic binder, such 
as magnesium chloride or ferric sulphate, as in 
the Schumacher process, which renders burning 
unnecessary. 

Nodulizing, as with briquetting, concerns the 
treatment, at high temperatures, of fine ores and 
flue dust, and consists in fusing them, at high 
temperatures, into lumps in a rotary kiln similar 
to a cement kiln. 

Sintering of fine ores and flue dust is: now of 
great importance, several types of apparatus 
having been designed. 

(a) Up-blast converters of the Huntingdon- 
Heberlein type are similar to a Bessemer steel 
furnace. They are provided with a bottom 
grate and positive blower. Ore and fuel are 
mixed in correct proportions on a fire, and 
after the “blow” the sinter is poured out on 
to a grating, where it is broken into suitable 
sizes. 

(6) Down-draught processes are exemplified 
by the Dwight-Lloyd and Greenawalt sintering 
plants. In both these processes, the raw 
materials are sintered on a grate, the products 
of combustion being drawn down through the 
bed. The former is a continuous operation, 
the latter being intermittent, one definite 
charge being dealt with at a time. Briefly, a 
layer of fine ore is spread over the grate, and 
this is covered by a definite mixture of ore and 
fuel. The top surface is ignited by a flame, the 


’ down draught drawing the flame through the 


mass, which is reduced to sinter. After ignition, 
the kindling flame is removed. The down- 
draught sinter is porous and well de-sulphurized, 
being better than the up-draught type, owing 
to the agitation in the latter operation. 

Sinter is an excellent material for the blast 
furnace, and is claimed to be less refractory 
than dense ores. At the same time, although 
porous, it has not the carbon dissolving action 
of fine ores. 
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EFFECT IN THE BLAST FURNACE 


Magnetites retain their oxygen more tenaci- 
ously than other ores, thus requiring extra fuel 
for reduction, much of the latter, it is thought, 
being effected by solid carbon in the furnace 
hearth. The speed of reduction is slower with 
magnetites than with the sesqui-oxides, again 
increasing the cost of smelting. 

In order to effect the maximum amount of 
reduction in the stack, i.e. with carbon mon- 
oxide, it is essential that the ratio of surface to 
bulk of the ore should be large, otherwise the 
ore, e.g. magnetite, reaches the hearth partially 
reduced, a fruitful source of cold slags. 

On the other hand, exceedingly fine ores, 
although conforming to the requirement rela- 
ting to surface, unfortunately have a catalytic 
action causing deposition of carbon in the top 
of the furnace. 


200 ='CO, +C 


Fine ores have a tendency to run ahead of 
the rest of the burden and, owing to the intimate 
contact with the lumps of fuel, cause a loss of 
fuel by solution loss and solid reduction. They 
are also productive of heavy loss in flue dust 
blown from the furnace. 

The physical condition of the ore has a great 
influence on the distribution of the burden in 
the furnace, as it is clear that lumpy ores will 
slide off the bell with greater inertia than plastic 
or fine ores. The consequence of this separation 
is to deliver the ores in different positions rela- 
tive to the coke charge, and to the furnace 
walls, and any changes in the charging of ores 
is bound to have serious effect upon the working 
of the process. As has already been shown, ore 
crushing is resorted to with these objects in 
view, viz., distribution of the burden and the 
production of a greater surface in the ore, 
experience indicating the size of the broken ore 
to be 3 to 4in., although the most recent 
tendency is to break to even smaller size. 

Imperfectly calcined ferrous carbonate is the 
source of considerable loss in furnace practice. 
It absorbs heat in the hearth, causing the forma- 
tion of cold slags, and it is considered that the 
nascent ferrous oxide requires solid carbon for 
reduction. 


LOCALITY 


.Carbonate ores are worked in quantity in 
Europe, especially in Great Britain, Germany, 
Styria, and France. There are large deposits, 
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in America and Canada, of lean carbonate not 
yet commercially important. 

Magnetites are found in England, Sweden, 
India, America, and Canada. 

Hematites and Brown ores are found in 
England, Germany, France, Sweden, Spain, 
India, America, North Africa, Cuba, Newfound- 
land, and Canada. 

Rich siliceous Iron schist occurs in Brazil. 

The chief iron producing districts of Great 
Britain are: Cleveland district yielding Middle 
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Rutland, and Northants 
yielding Inferior oolite; North Lincolnshire 
yielding Lower lias; South Lincolnshire, 
Leicestershire, and Oxfordshire yielding Middle 
lias; Westbury yielding upper Corallion ; North 
West England producing rich low phos- 
phorus hematite; North Staffordshire pro- 
ducing Black band from the carboniferous 
strata. 

Typical analyses of the Jurassic ores, accord- 
ing to Hatch, are as follows— 


lias; Lincolnshire, 


Locality Fe SIO 7 | age CaO Ss | Se H,O 
Cleveland é 28-1 11°8 10:2 4°7 26 ‘47 6:8 
Northants, Rutland 32°5 14°7 Ol 277 ‘10 *60 I5‘2 
North Lincolnshire 4 22°77, 8-1 51 18:2 ‘16 +31 Io'7 
Leicester and South Lincolnshire 25:2 Io'9 8-0 ye nents) Il "25 16°4 
Oxford é 24°0 10°2 7:6 I2:2 -06 ‘23 15°6 

A typical analysis of North West coast hematite is— 
Fe SiO, CaO 1 
48°5 15°5 ie7) *007 
ANALYSES OF TYPICAL ORES 

Ore ; Fe SiO, CaO |} Al,O, |MgO | P | Mn S | H,O 
Rubio 44°83 13°90 | I-46 2°75 tr. ‘018 "79 | :037 8-32 
El Halia 49°30 6°75 "73 2°51 33 O21 “46 | +13 8-70 
Rouina (A) . 51°75 8-00 | 5:46 3°30 — 02 "55 | 1054 4°15 
Rouina (B) . AQT 7 “\) L550 WIZ 335 "34 | 044 | °34 | 104 4°19 
Breira 50°63 4°53 | 2°52 Boy, “75 ‘009 | I-14 | :055 6°58 
Dicido — : 45°44 8-56 | 1:24 2:21 +30 024 *80 o18 14°83 
Philipville . 64°79 2°79 +39 I'47 th ‘Ol "14 | +167 1-98 
Miliana 48°93 6-60 | 3:93 1°59 84 ‘O15 | 1:28 O21 6°44 
Villaricos 3 42°00 8-02 | 3-61 — "41 ‘O19 | 7°40 55 5:08 
Welsh Manganiferous 525 25°00 | 2°40 | I0-0 +83 ‘09 = |28-0 05 7:00 
Cartagena . 25°90 10°84 | 3°15 4°85 54 ‘O1Q |17:08 | -40 7°32 
Gellivare 62°33 3°02 | 2°88 —= Sao "I4 | -14 “75 
Santander . 53°06 3°26 +56 4°66 *33 ‘047 | 1:24 | -076 6-67 
Wabana 53°86 9°50 | 1°81 3°55 84 80 65 | -o18 4°30 
Mesaba. 55°70 7:49) \aeE5 “81 IZ | 024 | 47 | 009 9:00 
Alabama 37°00 13°44 | 16:2 3°18 — 37 — 07 "50 
Roll Seale . 71:00 2°50 — } 
Cinder 52°00 25:0 3 1°5 = ‘07 | 3 Be | as 


t 
4 


aa 
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MATHEMATICS FOR ENGINEERS 


By W. G. Bicxrery, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXVI 
VOLUMES 


ANOTHER common case in which results have 
to be worked out by integration is the calcula- 
tion of volumes of solids of varying cross- 
section. In this case we imagine the solid cut 
up into a large number of slices by parallel 
planes, and if A is the area of any slice, and 


#------- 12! ------ > 
Fic. 101 


x is the distance of the slice from the end 
(measured perpendicular to the planes of sec- 
tion), the thickness of a slice will be denoted 
by 6x, and its volume (dV) will be given by 
(area) x (thickness), or in symbols, 


Oy = A 70x: 


Just as in finding the area under a curve, we 
must add up the volumes of the slices to find 
the total volume, at the same time imagining 
the slices to become thinner and thinner, the 
number of slices becoming correspondingly 
greater ; the result of this can be expressed in 
the same notation, and the process of evaluation 
carried out in the same manner. Thus 


Va fads 


the limits being, of course, the values of x at 
the ends of the solid or portion of a solid we 
are considering. The relation between A and 
x (which must, of course, be known before we 
can carry out the integration) depends upon 
the shape of the solid, and must usually be 
found from its geometry. 

As a first instance we will find the volume of 
a pile sketched in Fig. ror, on a rectangular 
base 12 ft. by 8 ft., the sides sloping up to a 
ridge 6 ft. long, and the vertical height of the 


80—(5462) 


pile being 6 ft. In this case, A will denote the 
area of a section PQRS, at a distance x 
(measured vertically) below the ridge. It will 


nS 
be seen, by proportion, that = = = or PQ 


=8 =. Also, PS willbe EF + = (increase in 

length from EF to AB)=6+ 5 x6 = 
8 

6+ x. Therefore A = PQRS = 6 * (6 + x) 


= 8% + ae Also the limits of the integral 


will be o and 6, since in going from top to 
bottom, x increases from 0 to 6. Thus 


: 4 
v={ (sx + $4°) ax 
i 3 


24 eal 
=[# +52], 


=(4xe +3 x 6) —(0) 
=—AOGU ett: 


Solids of Revolution. The majority of the 
solids with which the engineer has to deal are, 
however, solids of revolution, in which case the 
section perpendicular to the axis is a circle. 


Then, if we denote by y the radius of the sec- 
tion at distance x (measured along the axis), 
we shall have A = zy? so that our formula 
for volume becomes 


v= fat.ae 


The commonest forms are the cone and the 
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sphere, and we will first work out formulae for the radius y, in terms of x. Here y must be 
the volumes of these. wae a 

Cone. In this case we have from the 5 + & (increase in radius) = 5 + &xX3=5 
similar triangles in Fig. 102 (which represents , 
an elevation of a cone, with its axis vertical) + 2%. 


= = = or y= ; x. Thus, putting in the limits, - vm fon 5 + 2x)'dx 


Also, the limits are o and 6. So 


evidently o and h, we ae 


v= [ap 1 7a x. nae a. ry 
a = |x (250+ 3 x es 


= uh m (25 + 5% + 4a?)dx 


7 he ny 
ae <7 (3x64+3x6 
= (= 7 =) — (0) : 
— rh +2 x6)-0 
SPHERE. In this case the elevation is a circle = 2587 = 8r0°5 cub. in. 


of radius 7, and from the triangle OP N (Fig. Portion of Sphere. Similarly, if we require 
103), we have y? = 7?- x7. Also, the extreme the volume of the portion of a sphere of radius 


nx 


FIG. 103 


u 


x 
f 
' 
' 

8 
' 
' 
t 

¥ 


values of x are—vyandy. Thus 


Fic. 104. 
(72 =) 
fe ge wal gin., cut off by parallel planes 5 in. and 8 in. 
= 7 (PF-4)-7(-F4+ 1) from the centre, and on the same side of it, 
4 we shall have y* = 81-2? (Fig. 103, with 
= ae ee = 4 a3 y = 9) and our limits will be 5 and 8. So 
(where d is the diameter). = v= fon (81 — x?) 
Frustum. The volume of a frustum of a cone 
may be obtained by subtracting the volume of . 
the cone removed from that of the complete 3 [= (81% — 3% 7 
cone, or from the formula for this case, but it Zi = 
is often simpler to obtain the result from first = 7 (81 a 8 7a x 8%) —m(8I X 5 
principles, by integration. We will illustrate = 5 5.59 
this by finding the volume of a frustum of a = 1147 = 358-2 cub. in. 
cone, the radii of the ends being 5 in. and 8 in., 
and the height of the frustum being 6in. A MOMENTS OF INERTIA 
side view, with the axis horizontal, is given in The term moment of inertia is used in 


Fig. 104, and we must first find the formula for engineering to denote two different types of 


: 
: 
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quantity. One, as when used in the mechanics 
of rotating bodies, is a true moment of inertia, 
being the sum of the masses times the squares 
of their distances from the axis, and the unit 
in which this is usually measured is /b.-ft.2 The 
other has nothing to do with imertia at all, 
properly speaking, for it relates to a section of 
a beam undergoing bending or twisting. It is 
very closely related mathematically, however, 
for to find it we multiply each small area 
(instead of mass) by the square of its distance 
from the axis (neutral axis in bending or axis 
of twist in twisting), and take the sum for all 
the small areas into which the total area is 
divided. The unit is usually zms.4. Since the 
square of the distance comes in in both cases, 


the methods of finding, and also the rules for 


“ee 


changing axes, or for finding “ moments of 
inertia ’’ of compound bodies or areas, will be 


Fic. 105 


the same, so that it is advantageous to denote 
them by the same term. Strictly speaking, it 
would be better to use the term “ Second 
Moment” of mass or area as the case may be, 
and this is sometimes done—the “second” 
referring to the power to which the distance is 
raised. As we obtain these moments in all 
cases by adding, and must divide up the mass 
or area into small portions, it will be seen that 
to find second moments, integration must 
usually be employed, as we shall soon show. 
There is another quantity which is important 
in this connection, however, and that is “ radius 
of gyration.” Primarily referring to rotating 
bodies, it is there defined as the length by the 
square of which the total mass must be multi- 
plied to give the moment of inertia, i.e. 


Pie 
For the other case, we replace mass by area, 
and then have 

f= AP, 
“k” thus depends upon upon the shape, and it 
is useful to remember k for the commoner 
shapes. 

Typical Moments of Inertia. 1. Rop. We 

will evaluate the moment of inertia of a rod 
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about an axis perpendicular to it, through one 
end. If / is the length and M the mass, then 
the mass of a small piece dx at a distance x 


M 
from the end (see Fig. 105) is ax. We must 


multiply this by the square of its distance from 
the axis (i.e. by x”), and integrate from x = 0 
to%=J. Thus 


We see also that in this case, k? = 4), 


The student should verify that if we want the 
moment about an axis perpendicular to the 
rod through its centre, we must integrate the 
same expression between — 4/ and + 4/, obtain- 

2 2 


ee ee AG na 
12 12 


RECTANGLE. In dealing with the bending of 
beams, the moment of inertia of a rectangle 
about an axis through its centre parallel to one 
side will often be required. In this case (see 
Fig. 106) we divide the area into strips parallel 


adnon--- (J ------» 


ke- X--» 
Fic. 106 


to the axis, and with the dimensions there given, 
the area of the strip is B.dx. We must 
multiply this by x? and integrate from —4D 
to + 4D. So 


4D 
= 4 Bids 
—4Ip 
4D 
- [om 
—4> 
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2 
Also, since the area is BD, we have k? = = 2) 
result which should be compared with that for 
a rod about an axis through its mid-point 
perpendicular to it. 

CrrcLE. In the torsion of a circular shaft, 
we shall require the moment for a circle about 
an axis perpendicular to its plane through its 
centre. We divide the circle up into concen- 
tric rings (see Fig. 107). The area of a ring of 
radius x and width dx is 27;.dx%; multiply 


this by the square of its distance from the axis 
(x*) and integrate from 0 to 7. 


r 
[ 27x? Ax 


T= 


I 
ecacal 
Rohe 
Ss 
re 

- 
— 
i) ~ 


= (4mr*) — (0) 
ERED kr 
2 32 


if d is the diameter. As the area is 77?, we 
deduce that k? = 47*. This will also be the 
value of k? for a disc fly-wheel, so that for it, 
if M is the mass, we shall have J = 4M? 
In the bending of a bar of circular cross-section, 
we shall need the moment about a diameter, 
XOX?1, By symmetry this is the same as that 
about YO Y}, and it is known that the sum of 
these is the moment of inertia about the axis 
perpendicular to the plane that we have just 
found. Thus, about a diameter, 


t= Part, andik? = 477. 


It is impossible in the space to devote more 
attention to this subject, but other properties 
of moments of inertia will be found in the 
articles on Applied Mechanics. 
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CENTRE OF GRAVITY 


Another class of “addition” problems that 
require integration is that of finding the centre 
of gravity of bodies or areas. The fundamental 
formula is that, if x is the distance of the centre 
of gravity from an axis, and the body can be 
divided into small portions m,, m, .. . at 
distances %,, %).... from the axis, 

— sumofmoments 2mx 
sumofmasses Lm 


These sums will usually be obtained by integra- 
tion. We will give a few instances. 

TRIANGLE. We will find the distance of the 
centre of gravity from an axis (YO Y+* in Fig. 
108) through the vertex, parallel to the base. 


Pie a tees) S545 
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Divide the area into strips parallel (to the base. 
Then, if y is the length of one of these, distant 
x from the axis, and dx is its width, the area is 
y.dx. The sum of the “ masses ”’ (areas here) 
will be the area of the triangle, 404. For the 


a 

sum of the moments we shall have fi XY .a%. 
0 

To find this, we need a formula for y in terms 

of x. By similar triangles, we have y/b = x/h, 


b , 
or y = 7%. Thus the sum of the moments will 


be 
hh b x37 
== 42 Gt sd Ee 
il ea ced E a 


On performing the division, we find x = 2h/3. 
ConE. By symmetry, the centre of gravity 
of a cone is on its axis, so we only need to know 
the distance from the vertex. If y is the radius 
of the cone at a distance x from the vertex 
(measured along the axis), the volume of a slice 
of thickness dx is my?dx, and this corresponds 
to “m.’’ So Xm is the volume of the cone, or 
4nr*h, ry being the radius of the base; and / the 
perpendicular height. The moment of the slice 
will be zy?x.dx, and this must be integrated 


= fbr 
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between o and #. Here y= 7% (see above 


where the volume was calculated), so that 


ho 2 yA h 
mx f 7 73 dx = oF Z| =fnrh* 
0 


0 
By division, we find that * = jh. 

Area under Curve. If we want the position 
of the centre of gravity of the area under a 
curve, and know its equation, we divide it into 
strips, and then do the “ additions ” by integra- 
tion. As an instance we will find the position 
of the centre of gravity of the area under 
see %, from +7 = oto += 4. The area is 


Mire 


Se ora ames 
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OABC in Fig. 109. The area of the strip is 
y .dx (“m” in the fundamental formula) so 


Sma [yae— [etna 


— [2x + ast == 59, 
0 
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To find Ymy, we note that the centre of gravity 
of the strip is half-way up, and so the moment 
about the x axis is 4y x y.dx = 4y"dx. 


4 4 
ymy = i 4y'dx = ii (2 + 2% + 42°)dx 
0 0 


? 4 
= Eas + ra eee 
mls 3 

Dividing by Xm, we have y = +;'. The position 
of the centre of gravity may now be plotted. 

It will be seen from the method of working 
this last example.that we can write the formulae 
for finding the position of the centre of gravity. 


I 
i 
| 


x 


EXERCISE No. 40 


1, A reservoir has a square bottom of side 50 ft., 
and the sides slope out at 45°. Show that the area 
at a depth * ft. is (50+ 2%)*sq.ft., and deduce by 
integration the volume, if the depth is 30 ft. 


2. The curve y = 2+/% is rotated about the + axis. 
Find the volume of the solid from + = 0 to ¥ = 4. 

3. Find, by integration, the volume of a frustum of 
a cone, radii 2 in. and 5 in., and height 6 in. 

4. A bowl is a portion of a sphere of 12 in. radius, 
and its depth is 6in. Find its volume. 

5. Show that the radius of gyration of a ring is 
given by k? = 4(R2 + r*), R and, being the outer and 
inner radii respectively. Find the moment of inertia 
of a fly-wheel rim, 4 in. square in section, inner radius 
to in., if the material weighs 480 lb./cub. ft. 

6. Show that the centre of gravity of a hemisphere 
is at 2v from the centre, vy being the radius. 

7. Find the position of the centre of gravity of the 


area under the curve y = ax, from * = 0 to ¥ = 4. 


ANSWERS TO EXERCISE No. 39 


1. (a) 64; (6) 28; (c) 148; (@) 54; (€) 0; (f) 153 
(g) 20; (A) 227-0. 

eee 

5. 466%; 518+5 cub. yd. 

Gn 2arrs 

7. 4189. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mecu.E. 


LESSON XXV 


Use of the Catalogue. Proceeding with the 
worm gear design, we may now search for a 
reference among the catalogues of special details 
to be found in a set of worm gearing. Such 
special machine parts as ball and roller bearings 
form a common feature of worm gear design, 
and a catalogue providing illustrations of the 
application of such bearings may include the 
kind of gear we are particularly interested in. 
Fig. r shows an application of roller and 
ball bearings to worm gearing, and is taken 


probable loads as follows. Referring to Fig. 2 
Let F = axial thrust on worm shaft in lb. 
S = separating force between worm and 
wheel in lb. 
W = tangential force exerted by worm at 
pitch line in Ib. 
w = bearing load due to thrust F in lb. 
J =bearing load due to thrust W in lb. 
t, = twisting moment transmitted through 
worm shaft in lb.-in. 
It will be observed that the force F is 
resisted, by thé thrust bearing, at the worm 
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from a catalogue issued by The Hoffmann 
Manufacturing Co., Ltd. This catalogue also 
provides dimensions of bearings suitable for 
various loads and speeds of rotation and, given 
the magnitude of the load to be taken by the 
bearing, one can readily choose a suitable type. 

Deciding to use Fig. 1 as a reference drawing, 
we may proceed to determine the loads to be 
taken by the journal and thrust bearings. The 
proportion of the friction angle to the worm 
angle is such that, to simplify the analysis, we 
may neglect friction and proceed to estimate the 


shaft axis. Consequently, a couple is produced 
equal to F x d/2, which is balanced by the 
resistance of the worm shaft journal bearings 
Nos. 3 and 4 producing a balancing moment of 
14.W. 


Yale ies} 
then w= td a 276 Ib. 
t 2470 
also W z 1-8 = 1372 1b. 
2 
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The resistance to the above force W is taken 
by the wheel thrust bearing at the wheel shaft 
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safe type. Finally, when ordering the thrust 
and journal bearings, it is advisable to specify 


fy 
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Force Diacrams For Journals N%/&3. 
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Force Diacrams For Journats N2°264. 


Fic. 2 
axis, and the couple produced is equal to 
Wx ss which produces a load on each of the 
wheel shaft bearings of J Ib. 
foe WX . 


1a72° X 9:31 

o 7 
We may now proceed, as in Fig. 3, to draw 
force diagrams to determine the resultant forces 


on the journals. ; 
We are now in a position to choose a suitable 
type of bearing to take each of the above loads. 
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the load together with the condition of service 
for each bearing and obtain confirmation regard- 
ing the suitability of the choice. 

We have already remarked that the reference 
drawing is to be used as a general guidance 
rather than a literal model. Referring to 
Fig. 1, we observe that the thrust bearing is 
designed to take axial loads in each direction 
which is necessary in a reversible gear. Where, 
as in the above example, the gear is designed 
to run in one direction only, the axial loads, in 
both worm and wheel shafts, will act in one 
direction, and a single thrust washer will 
suffice in each case. This departure from the 
reference drawing will enable us to simplify 
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The maker’s catalogue, referred to above, gives 
the maximum load at various speeds of rotation, 
which enables the designer to choose quickly a 


the housing for the washers, and a suggested 
modification to the casing is shown in Fig. 4 
which also gives a detail of the worm shaft. 
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Interchangeability. Where standard parts 
are fitted to a machine detail, as in the case of 
the above bearings, it is often possible to fit the 
same type throughout the part, and we shall be 
advised to consider the possibility of fitting a 
common type of bearing to the above gear. 

The loads taken by the worm wheel journals 
are greater than those taken by the worm shaft 
journals, but the speed of rotation of the former 
is only about 11 per cent of the worm speed and, 
if the diameter of the wheel shaft will allow, we 
may fit the same type to each shaft. Allowing 
the same value of shear stress in the two shafts 


I6 X 20,000\ 2 : 
el ( 600077 ) © = 257 in. 


This minimum diameter of wheel shaft 
excludes the possibility of using a common type 
of ball bearing to the two shafts. 

Turning to the thrust bearing, we have 
found that a heavy type is necessary for the 
worm shaft, but for the wheel thrust, which is 
of smaller value at a lower speed of rotation, 
we may use the light type shown in Fig. 5, and 
noting the difference in cost between the heavy 
and light types makes the choice of the heavier 
type for the purpose of interchangeability 
impracticable. 

Heat Generated. Before deciding the extent 
to which we may follow Fig. 1 as a guidance 
in making a working drawing of the worm gear 
casing, we ought to satisfy ourselves regarding 
the capacity of the gear to deal with the heat 
generated by the gear in overcoming the fric- 
tional resistances of the moving parts. 


Let H = heat generated by worm in B.Th.U. 


per minute. 
7 = efficiency of worm. 
a tan A tan 30° 
Oa tan (A+) tan (30° + 2-86°) 
5778 ae 
"6459 
_ 27. i CDSG 
= ag ae hea 
27 X 2470 360 
je 2 x 778 x (I — 1-894) 


AT — 63-48 B.Th.U.’s per minute. 
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Heat generated in the specified thirty minutes 
= 63°48 X 30 = 1904-4 B.Th.U.’s 
Allowing a safe temperature rise of 100° F. 
in the lubricating oil and assuming a specific 
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heat of 0-5. Then, if all the heat is absorbed 
by the oil, the minimum quantity required - 


1904-4 


OO BX 160 oe re 
B0T 6:23.05 
eeepc Le 
59 see 


A rough estimate of the capacity of the lower 
part of the worm gear case will confirm that 
the quantity of lubricating oil normally present 
in the case is sufficient to absorb the heat 
generated in friction without raising the 
temperature of the oil above the safe limit. 
We may thus ignore the less definite value of 
heat dissipated by radiation. 


EXERCISE 


Referring to Lessons X and XX, make a detail 
drawing of the worm wheel and shaft, to suit the 
particulars fixed in the above calculations and the 
journal and thrust bearings shown in Fig. 4 and 5. 
Next, using Fig. 1 as a guidance, make a working 
drawing of the worm gear casing. Finally, find the 
stresses induced, when transmitting the specified twist- 
ing moment, in the worm and wheel teeth. 
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By ARNoLD Rimmer, B.ENG. 


LESSON XI 
GAS ENGINE PERFORMANCE, etc. 


Tue performance and efficiency of a gas engine 
are determined by the carrying out of certain 
tests, the nature and extent of which will 
depend on whether they are conducted from a 
commercial or a scientific standpoint. 

In a commercial test the important points 


__are— 


1. Horse-power developed. 

2. Fuel consumption. 

3. “ Governing ”’ of engine at various loads. 

4. Amount of overload that can be carried for 
a definite time. 

5. Valve setting. 

6. Quantity of cooling water and lubricating 
oil required per brake-horse-power hour. 

A complete scientific test would also be con- 
cerned with the performance of the engine as a 
heat engine, and so would include measurements 
of the heat supplied in the fuel and that carried 
away by the cooling water, exhaust gases, etc. 

Power and Efficiency. The power developed 
in the cylinder is calculated from the indicator 
cards and is, of course, termed the “ indicated 
horse-power.”’ 


Tp AP 


d 


= “mean effective pressure,’ 
per square inch. 

A = area of piston, in square inches. 

L = length of stroke, in feet. 

E = number of explosions per minute. 


P.A.LE. 
33,000 


in pounds 


then sp — 

The effective horse-power available at the 
engine crankshaft is determined by some form 
of “brake.” Thus, ropes carrying a dead load 
may be applied to the fly-wheel, or a special 
drum fixed to the same and the power absorbed 
by the friction between the two (Fig. 67). 


If W = dead load, in pounds. 
w = spring balance reading in pounds. 
D =diameter of brake (to centre of 
ropes), in feet. 
N =revolutions per minute. 


W - DN. 
then (Ww) 7 DN. 


The heat generated may be absorbed by a 
circulation of water in a special channel on the 
inside of the wheel or drum, while on larger 
engines some form of dynamometer or an 
electrical load would be necessary. 

The difference between the i-h.p. and b.h.p. 
represents the power absorbed by the engine 


Fic. 67. RopE BRAKE 


itself owing to friction of bearings, piston, etc., 
together with the “ fluid friction” of the gases 
passing the valves, etc. The ‘ mechanical 


b.h.p. 
efficiency ’’’ is given by the ratio ae and will, 


in general, vary from 70-90 per cent. 

Fuel Consumption. The measurement of the 
consumption of fuel will depend on the nature 
of the latter. If it is town’s gas, it is usually 
passed through a suitable meter, and for com- 
parative purposes the reading should be 
reduced to an equivalent consumption at 
“standard temperature and pressure ”’ (32° F. 
and 30in. mercury). In the case of engines 
running on producer gas it is very usual to state 
the quantity of coal burnt in the producer per 
brake-horse-power hour, though in scientific 
tests the actual gas consumption may be 
measured by means of a large gas-holder. 

Thermal Efficiency. If the performance of 
the engine as a heat engine is required, it is 
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necessary to determine the heating value of 
the gas or coal, and this may be effected in 
some form of calorimeter. Then 


; heat converted into work 
pec bal cienty = heat supplied to engine 


A complete test would also involve the 
measurement of the heat carried away by the 
cooling water and the exhaust gases, together 
with other calculations which would not be 
required in an ordinary commercial test. 

Valve Settings. As previously pointed out, 
the proper working of a gas engine is dependent, 
among other things, on a correct functioning of 
the valves. Any irregularities in the operation 
of the latter can be detected from the indicator 
card and should, of course, be at once adjusted. 
The valves being operated through cams or 
similar gear, they have a more or less gradual 
opening and closing with an intermediate period 
during which they are full open. Hence, they 
generally have a “lead”’ and a “‘lag”’ relative 
to the dead centre positions of the piston and 
crank. Makers have their own particular values 
of these “ settings,’ depending on the cam 
shape, area of valve ports, etc., though, of 
course, the general conditions existing in the 
working of the engine do not admit of any great 
variations in them. 

The instant at which the different events of 
the cycle occur may be determined either in 
terms of the corresponding crank angle or the 
piston position. The latter is preferable for 
comparative purposes, as a crank angle basis 
needs also particulars of the relative length of 
the connecting rod. The dead centre position 
may be determined by means of a spirit-level 
laid on the crank web, and measurements may 
be taken between the front of the piston and 
that of the cylinder liner. The usual method 
is to have the engine barred round slowly (after 
first disconnecting the ignition wires), and deter- 
mine the moment when the rollers on the valve- 
operating levers come in contact with the cam, 
as shown by the fact that they can then no 
longer be turned on their spindle by hand. 
This gives the instant of valve opening. Simi- 
larly, when the rollers become just free again 
is the instant at which the valve may be 
assumed to be closed. 

The admission valve usually has a “ lead,” in 
order to take advantage of the scavenging effect 
of the previous exhaust stroke, and also to 
utilize the first outward movement of the piston 
for drawing the charge into the actual cylinder. 
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Similarly it has a slight “lag,” so that the 
inertia of the gases may be allowed to fill up 
the cylinder at the end of the stroke. The lag 
and lead are about equal, or if anything, the 
former is slightly greater, corresponding to, say, 
% in. of piston movement. If the lead is 
excessive the pressure existing in the cylinder 
may prevent induction, and some of the exhaust 
products pass the admission valve and mix with 
the new charge. If, on the other hand, the 


.lead is non-existent or “negative” (i.e. the 


valve opening after the dead centre), the engine 
will be starved, and some of the exhaust gases 
might be sucked back into the cylinder. Exces- 
sive lag causes a delay in the beginning of com- 
pression though, of course, the ‘‘ volumetric 
efficiency ’’ should be as high as possible. 

As previously stated, the gas valve usually 
opens after the admission valve, and closes 
before it. This, of course, avoids loss of gas 
through the exhaust valve, and enables the air 
to sweep into the cylinder the last portion of 
gas in the admission valve casing. For engines 
running on producer gas, the period of opera- 
tion of the gas valve may correspond exactly 
with the outstroke of the piston. If, however, 
the engine is using town’s gas which requires 
a much greater proportion of air, the gas valve 
may not open until the piston has moved some 
little distance from the inner dead centre, 
though it will probably be closed at about the 
outer dead centre. 

In the case of the exhaust valve, lead is 
required in order that the bulk of the exhaust 
gases may have left the cylinder by the time the 
piston reaches the end of its stroke, though if - 
this lead is excessive the valve will have to be 
lifted against comparatively high pressure with 
consequent increase of friction and wear of the 
cam and roller. A slight lag (usually }in. or 
} in. of piston movement) is necessary to ensure 
the “scavenging ’’ of the cylinder is as com- 
plete as possible. ’ 

Small modifications are usually possible by a 
screw adjustment on the operating mechanism, 
though, of course, makers’ settings should not 
be altered without good reason. It should be 
noted that lag and lead must be considered 
together since an earlier opening of a valve by 
this means also involves a later closing and 
vice versa. 

Lubrication. The oil used for the lubrica- 
tion of gas engines must be of good quality and, 
preferably, that specially manufactured for the 
purpose. This applies particularly in the case 
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of the cylinder. Owing to the conditions pre- 
_vailing there, an oil is required which has a 
high ignition point and also leaves no deposit 
after burning. 

The general tendency on modern engines is 
towards forced lubrication, though many of 
the smaller engines rely on “‘ sight-feed,’’ or on 
“ring and trough” lubrication for the main 
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formed in the top of the piston. (See also 
Figs. 21, 25, and 28, on pages 586 and 587.) 
To prevent “ blowing back ”’ due to the explo- 
sion pressure, the oil to the cylinder is usually 
fed through an orifice fitted with a non-return 
valve (generally a steel ball). 

The general-design of gas engines is based, 
of course, on mechanical principles, though 
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Fic. 68. MECHANICAL LUBRICATOR (CROSSLEY) 


’ bearings, etc., with centrifugal oilers for the 
crankpin. In some cases, the drip-feed lubrica- 
tors are replaced by one or more of the plunger 
type, mechanically operated by the engine 
and supplying a regulated quantity of oil to 
the various points. The type used on the 
Premier multi-cylinder engine was illustrated in 
Fig. 24, on page 587, while the one fitted on the 
Crossley 100 b.h.p. engine is shown in greater 
detail in Fig. 68. 

The gudgeon pin is usually supplied by means 
of a “‘ wiper ”’ fitted at the front of the cylinder, 
the oil being conducted through channels 


special consideration is necessary in view of the 
high pressures and varying temperatures to 
which many parts are subjected. In addition, 
there is the possibility of variations in mixture 
strength producing conditions much in excess 
of the normal, so that a large “‘ factor of safety 
is necessary. Hence, as shown in the descrip- 
tions and illustrations of representative engines 
already given, the trend of modern practice 
is towards great strength and robustness 
combined with simplicity of construction, ease 
of operation, and efficiency and reliability of 
performance. : 
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By J. F. Corrican, M.Sc., A.I.C. 


LESSON XXIV 


THE INTERNAL COMBUSTION 
ENGINE DEVELOPED 


NICOLAS OTTO (1833-1891) 


More than any other mechanical power pro- 
ducer since the invention of the steam-engine, 
has the internal combustion engine been of 
service to the civilized world. The gas and the 
petrol engine have provided an alternative 
means of obtaining power, a means which is 
all the more welcome in view of the increasing 


NicoLsas Ortro 


demands which are being made upon the world’s 
coal resources. 

Although many experimenters tried their 
hands at devising an engine which would develop 
motive power from the explosive combustion of 
gases, the basis of modern engines of this type is 
to be found in the pioneer work of Nicolas 
Otto. 

Otto’s struggles with the gas engine began 
in 1854, in which year he commenced his experi- 
ments with this type of engine. In 1867 he 
achieved success in conjunction with his partner, 
Langen. Otto’s early gas engine was a crude 


contrivance. In the cycle of operations there 
was no compression of the explosive gas. The 
mixture was taken into the cylinder during an 
early part of the upstroke of the piston. The 
gas was ignited by momentary contact with a 
flame by means of a specially constructed slide 
valve. An explosion occurred, after which the 
piston rose to the top of its stroke, and then 
descended, chiefly in virtue of the pressure of the 
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Ortto’s First GAs ENGINE, 1867 


atmosphere on top of it. Rackwork gearing 
was provided, and the engine was excessively 
noisy and violent in its action. . 

In 1876, Otto was successful with an improved 
type of engine. He halved the consumption of 
gas, and, by means of other extensive improve- 
ments and modifications, he devised an engine 
which quickly rose to the status of a practicable 
engineering, industrial, and commercial proposi- 
tion. Ten years later, there were over 30,000 
of these engines in use. 

Otto was born in 1833. He received only 
a very ordinary amount of education, and 
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practically no scientific training at all. During 
the earlier period of his life he was a commercial 
traveller. His undoubted mechanical interests 


An Otro Gas ENGINE MADE BY CROSSLEYS 
IN 1880 


and abilities, however, ultimately asserted them- 
selves, with the result that he managed to 
acquire the necessary amount of time and 


An EARLY CARBURETTOR 
(From a Contemporary Diagram) 


finance to undertake the long series of experi- 
ments with gas engines which were necessary 
before success was granted to him. 
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The success of Otto and his co-workers 
induced others to follow the subject. Otto’s 
engine was of the four-stroke type. In 1881, 
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A Benz Motor-CAR OF THE YEAR 1885 


however, Dugald Clerk invented the two-stroke 
engine, and in the following year Herr Daimler 
brought out the first practical internal combus- 
tion designed to run on liquid fuels. Daimler’s 
engine was almost identical with Otto’s later 
engines, but it also included a device—a car- 
burettor—for vaporizing the fuel and for feed- 
ing it, mixed with air in the requisite propor- 
tions, to the cylinder. 

And so came the motor-car. Compared with 
the present-day luxurious cars, the early models 
were almost grotesque in their crudity. _Never- 
theless, the germ of the idea had arrived, and 
rapid progress began to be made, progress 
which has been maintained up to the present 
time. 

Otto died at Cologne on 26th January, r8oq1. 
Little notice was taken of his decease, and, 
indeed, even at the present day, he is almost 
forgotten. Nevertheless, he has left his own 
memorial in the world, a memorial which you, 
good reader, will be able to see for yourself if 
you will step outside your front door and witness 
the array of motor-cars and similarly propelled 
vehicles passing by. 
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By JosepH G. Horner, A.M.1I.Mecu.E. 


LESSON XIII 
THE ERECTION OF ENGINES 
(contd.) 


Locomotive Work. All the sections of this work 
are prepared in different shops or departments, 


jacks near each end and at the centre. The 
square relations of the frames are tested by 
cross trammelling or measuring from a rod 
diagonally to opposite corners, which should 
show alike. The lateral truth of the frame 
plates is checked with a straining line set away 
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with the aid of templets and gauges. The erec- 
tion is done under the supervision of a charge- 
man. In all engines, however diverse are their 
types, the first stage is the erection of the frames, 
level and square over a pit. On these, the 
engine is built up. The frames will have had 
their outlines slotted, various horn blocks and 
angles rivetted on, and holes drilled for various 
attachments. They are laid on trestles to have 
centre lines for cylinders and axles marked, and 
are then dropped into recesses on jacks of the 
bottle-nose type over the pit, and set at their 
correct distances apart with stretchers clamped 
between them. The top edges of the frames are 
now levelled with a spirit-level and parallel 
straight-edge, adjustments being made with the 


a little distance from the sides, between which 
and the wire gauge measurements are taken. 
All being levelled square and straight, the 
frame is ready for the erection of the parts that 
are contained within it, all of which are fixed 
at first with temporary bolts and drifts until 
corrections and adjustments permit of making 
the permanent fastenings. The heavy casting 
of the drag plate is set between the hinder por- 
tions of the frame and secured with temporary 
bolts, and also the cross-stay. The horn blocks 
are fitted into the horns, following which the 
cylinders and guide bars are inserted. Although 
these have been tooled to templets and gauges, 
they are subjected to very careful checking 
during their erection. Methods vary when 
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cylinders are inside or outside the frames, and 
whether they are horizontal or inclined. In any 
case, it is essential that they and the guide bars 
shall be lined up to the driving axle. 

The locations of the parts begin with the 
cylinders. They are lowered into approximate 
positions, resting on temporary angle irons 
clamped to the frames. The height of the 
cylinders in the frame, and the angle of their 
inclination when inclined are set from templets 
bridging the frames, one at the rear of the 
cylinders, the other to correspond with the 
driving axle. The top edges correspond with 


wire. The bottom bars are set first, gauging 
their height with a templet passed between their 
faces and the wire, using thin packings if found 
necessary. The top guides may be set with a 
spacing templet. But it is safer to use a tem- 
plet that gives the areas of the working surfaces 
of both slide blocks with direct relation to the 
cylinder. The front cover of the cylinder being 
removed, a templet cover is substituted, having 
a large hole through which a light tube is passed 
extending to the termination of the guide bars. 
A templet corresponding in thickness and size 
with the slide blocks is moved along this 
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the centres of cylinders and axle. Straining 
lines are passed from one to the other, tightened 
with screws, and the cylinders are set concen- 
trically to these lines with a gauge, following 
which they are bolted up temporarily. The 
distance from the front of the cylinders to the 
centre of the driving axle is measured with a 
rod. 

The setting of the motion plate follows. Its 
distance from the cylinders is set with a templet 
extending from the lugs on the cylinder cover 
that receive the slide bar, to the brackets on the 
motion plate to which the other end of the bar 
is attached. The brackets are levelled in the 
transverse direction. To set the bars, a templet 
is more reliable than working from a strained 


between the bars, by which they are corrected. 
Local contacts may be tested with a straight- 
edge and red lead. After all corrections have 
been made, bolt and rivet holes are reamered 
flush, and the permanent fastenings made. 

The setting of the valves and their gear is 
the next stage. These are laid in the steam 
chests, and set, first at one end and then at the 
other in the positions of openings for lead, the 
spaces being measured with a feeler gauge 
inserted between the edge of the valve and that 
of the port. A trammel mark is made on the 
valve spindle outside the chest, to correspond 
with each position for reference when the valve 
is covered in. The cylinder clearance at each 
end is also marked on the guide bars. The 
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steam chest covers are next attached. The 
connecting rods are set round the crosshead 
gudgeons, leaving the big-ends without their 
straps, freely supported on wood blocking. 

At this stage the boiler is mounted on the 
frames. Correction is seldom required here. 
The height of the centre of the boiler is checked. 
It is secured at the smoke-box end with bolts, 
but is free to slide at the fire-box end on the 
expansion angle irons riveted to its sides. 
Detailed fittings succeed.  Fire-bars are 
inserted, the ashpan fastened to the foundation 
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on the valve rod, and the cylinder clearances 
as marked on the guide bars. Considerable 
detailed work follows: the fitting of the coup- 
ling rods, injectors, vacuum brakes, cab, etc. 
Figs. 79 and 80, and 8r (facing page 1257), 
are three views taken in the Swindon works of 
the Great Western Railway. Fig. 79 is the 
wheel shop. The lathes are on the farther 


side. Two tool grinders are seen in the fore- 
ground. Fig. 80 is a view in the erecting 
shop. The erecting pits are seen, and engines 


in various stages of advancement ; two with- 


ring, the smoke-box riveted up, blast and steam 
pipes, splashers, and the boiler lagged. The 
axle boxes, which have been prepared with their 
axles, wheels, and springs, are now inserted in 
their places in the horn blocks, and the big-ends 
of the connecting rods are closed round the 
crank pins. The driving wheels are supported 
on a cradle with friction rollers to permit of the 
rotation of the wheels during the adjustments 
of the valve gear. The gear is prepared from 
models to full size. It is tested in place, the 
precise method depending on the class of motion 
used. Essentially it is based on obtaining the 
dead centres for each crank, working from the 
slide block with arcs trammelled to the face of 
the driving wheel, reference being coincident 
with the lead openings of the valve as scribed 


out their boilers, three with them but without 
the smoke-boxes, and one engine completed is 
slung in an overhead travelling crane. Other 
engines may be discerned in distant bays. 
Fig. 81 is another view in the shop of ‘engines 
approaching completion, Those on the left are 
undergoing lagging. One is slung in the crane, 

Oil Engines. The erection of these is more 
simple than that of steam-engines, due to the 
absence of slide valves and their gears. The 
valves are lifted with cams. Three stages in 
the erection of one type of oil engine are shown 
by Figs. 82-84. Work of this kind built in 
large numbers is greatly facilitated by the 
cylindrical character of the principal elements. 
The bed-plate has the cylinder jacket, cored 
for water-cooling cast with it. It is bored, 
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faced, the stud holes at the rear drilled, tapped, Figs. 85 and 86 show a number of the larger 
and studded, the crankshaft seatings bored, component parts of the Beardmore crude oil 
engine, and a four-cylinder 
engine completely erected. 
It is a two-cycle valveless 
engine, comprising the air 
chamber or pump in the 
lower part, into which air 
is drawn by the upstroke 
of the piston, and com- 
pressed on the downward 
stroke. At the end of the 
down stroke ports are un- 
covered, for the exhaust 
outlet from the power 
cylinder, and for the air 
inlet to it. Through the 
latter the compressed air 
enters, and the _ piston 
ascending compresses it to a 
higher degree, and on reach- 
ing the top of its stroke 
: Z the oil, sprayed through an 
Fic. 85. ERECTION OF BEARDMORE CRUDE OIL ENGINES /Y atomizer into the combustion 
chamber is ignited by the 

milled, studs and caps fitted, brasses inserted heated air, and drives the piston downwards. 
and bored at right angles with the axis of the Every downstroke is thus a driving stroke. 
cylinder. The bed, mounted 
on trestles, Fig. 82, receives 
first the cylinder liner, of 
hard cast iron, easily re- 
newable, and the cylinder 
head, which contains the 
valves for air inlet, and 
exhaust, starting device, 
and atomizer. the head 
being bolted up with the 
studs. The crankshaft, 
tooled out of a solid steel 
forging, fitted with its 
counterbalance weights on 
the webs, and having the 
spiral gear that drives the 
layshaft which actuates the 
valve gear, the atomizer, 
and the lubricator is 
dropped into its bearings, 
Fig. 83. The trunk piston, 
Fig. 84, with its spring 
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rings and connecting rod he SERS teed : 

are inserted last. Facings Fic. 86. BEARDMORE ENGINE CoMPLETE V 

prepared on the side, with 

studs, receive brackets that carry the bearings From one to six cylinders are mounted on a 
for the layshaft, and the mechanism for oper- single bed-plate. Main bearings are bored and 
ating the valves and the governor. faced at one setting, and the bushes are lined 
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with white metal. The cylinders and pistons 
are of close-grained iron. The cylinder cover is 
water-cooled, and is jointed to the cylinder 
metal to metal. A water circulating pump is 
fitted. The stroke of the fuel pumps is varied 
with a centrifugal governor. All bearings are 
lubricated with a system of forced feed. Each 
cylinder is provided with its own separate fuel 
pump operated by an eccentric working in 
phase with the crank of the corresponding 
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cylinder. The engine operates equally well in 
either direction, since the pump driving eccen- 
trics are in phase with the cranks, which renders 
them suitable for marine service. In engines of 
this class, though the parts are very numerous, 
yet the work is as much that of assembling as 
of fitting. Main parts are fitted with close 
joints, bored and faced, easily checked with 
direct methods, and that of the smaller parts is 
more tedious than troublesome. 


(CoNcLUSION) 


REFRIGERATING MACHINERY | 


By G. W. Dantes, M.ENG., WH.Ex., A.M.I.MzEcu.E. 


LESSON IV 
ICE MAKING 


WE will now describe the application of refrigera- 
tion to the manufacture of ice. 

Two methods are in general use. The first 
is to place the water to be frozen into cans which 
are then put in a tank of cold brine until the 
water is frozen into a block of ice. The second 
method is to have a tank full of water to be 
frozen, and a series of cold pipes immersed in 
the water at regular intervals. The water is 
frozen round the pipes, the ice block growing 
larger and larger as the freezing is continued. 
The ice forming round adjacent pipes ultimately 
meets and freezes together, the final result being 
to produce a large slab of ice of practically any 
desired size, according to the time allowed for 
freezing. The first method is known as the can 
system, because the water is frozen in cans. 
The second system is known as a direct ex- 
pansion system, because the water is frozen 
cirectly round the pipes without the use of any 
cans or cold brine. These, briefly, are the 
methods employed, although naturally in an 
actual plant there are many pieces of auxiliary 
ay paratus. 

Fig. 25 shows a typical small ice-making plant 
of the can type. The ice tank is made of mild 
stecl plates riveted together, and is usually 
arranged with an internal division running the 
length of the tank near to one side. The tank 
is thus divided into two compartments, into the 
smaller of which are placed the cooling coils. 


In these coils the refrigerant, ammonia or CO,, 
evaporates and cools the brine with which the 
whole tank is filled. The cold brine is circu- 
lated round the tank and over the coils. The 
cans containing the fresh water to be frozen 
are placed in the larger compartment of the 
tank. The cans are made of thin sheet steel, 
riveted or soldered along the seams, and having 
a stiff iron band fitted round the top by means 
of which the cans may be lifted out of the tank 
when the water is frozen. The ice can is 
larger at the top than at the bottom in both 
directions, so that the ice block easily comes: 
out of the can once it has been loosened. 
Loosening is effected by standing the can con- 
taining the ice block in a tank of warm water 
for a few minutes. This thaws the ice block 
free from the sides of the can, and the tank 
used for this purpose is consequently called the 
“ thawing tank.” ; 

After removing the ice block, the can is 
refilled with fresh water and replaced in the 
freezing tank. 

The freezing tank is cased all round with 
“insulation”’ to prevent loss of cold to the 
surrounding atmosphere. This insulation may 
consist of a hollow timber casing packed with 
granulated cork, or often consists of compressed 
cork slabs built round the tank with bitumen or 
cement. 

Fig. 26 shows a section through a large ice 
plant. In this the ice tank is placed on an 
upper floor, the lower story serving as the ice 
store. In such large plants the ice cans are 
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fixed in frames so that a whole row of cans may 
be lifted at once, a crane being used for this 
purpose. The crane and thawing tank will be 
seen on Fig. 26,'also the tipping cradle, which is 
a device for turning the row of cans on to their 
sides to shoot the ice blocks from them. The 
crane then lifts the cans up again and places 
them under the filling tank from which they are 
refilled with fresh water. In some cases the 
water is cooled before being run into the filling 
tank. 
Fig. 26 also shows the ice crusher, placed 
leve! with the floor of the ice tank room so that 
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gases originally present in the water to be 
frozen. These gases are liberated at the moment 
of freezing in the form of small bubbles, and in 
still water these bubbles are imprisoned in the 
ice block, causing the opaqueness. To overcome 
this the water in the can should be kept stirred 
up whilst freezing, and this can be conveni- 
ently done by suspending a small brass pipe 
in the centre of each can down which clean cold 
compressed air is blown. The large bubbles 
of air rising from the end of this tube keep the 
water in motion, with the result that the minute 
bubbles forming the whiteness are washed away. 


Fic. 25. SMALL IcE-MAKING PLANT 
(The Haslam Foundry and Engineering Co., Ltd.) 


ice blocks can be easily dropped into it, crushed, 
and delivered on to the floor beneath. The lift 
for raising ice blocks from the store to the 
crushing floor will be noticed, and also the shute 
down which ice blocks can be directly slid into 
the ice store. In this large tank four 18 in. 
diameter propellers circulate the brine over the 
cans. The bottom of the ice tank comes 
directly into the ice store and serves to keep the 
ice store cold. The whole arrangement forms 
a very good typical layout for a can ice plant 
of large size. 

Clear and Opaque Ice. A block of ice frozen 
from still water in a can would come out of a 
white colour and opaque. Such ice is not so 
hard, lasting, nor valuable as a clear crystal 
block of ice. The opaqueness is due to air and 


> 
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In some cases air pipes are permanently 
connected to the cans, the air issuing from a 
small nozzle in the bottom of the can. Two 
systems of air agitation are in use ; the high pres- 
sure, using air at about 18 to 20 lb. pressure, and 
the low pressure, using air at 2 to 3 lb. pressure. 

Ice Crushers. In many cases the ice is 
required not in the form of blocks but crushed 
into small pieces. Fig. 27 shows a machine for 
this purpose. It consists essentially of revolving 
rollers carrying strong teeth and contained in a 
housing. The ice block is put into the hopper 
on top of the machine and is rapidly picked into 
pieces by the teeth on the rollers. The crushed 
ice leaves underneath. 

Time for Freezing Ice. The following figures 
give some idea of the time required to produce 
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can ice of various thicknesses, assuming the 
temperature of the cold brine in the freezing 
tank to be 15 to 16° F.— 


Thickness 4in. 5in. 6in. 8in. to in. 
pees Ee bee LO eeZ ON AA. 


With brine at a lower temperature, the time 
for freezing would be less of course. 

To freeze 1lb. of water at 32°F. into ice 
requires about 144 B.Th.U.’s to be removed from 
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For every ton of ice made per 24 hours it is 
usual to allow about 270 ft. of 1} in. bore piping 
in the ice tank, or an equivalent surface in other 
size pipe. 

The size of the ice blocks produced in a can 
plant will vary from a few pounds to, say, 
3 cwt., according to the size of the plant, while 
in direct expansion plants the size of the 
block produced may reach half a ton or more. 
Such large pieces are sawn up into smaller 


Fic. 27. IcE CRUSHER 


_ it, but to make r Ib. of ice in commerce requires 
much more heat than this to be removed, and 
_ in practice we have to allow for the refrigerating 
_ machine removing 240 to 300 B.Th.U.’s for every 
pound of ice made. This additional amount 
of refrigeration is necessitated by the cooling of 
the water down to freezing point, by the subse- 
quent cooling of the ice below freezing point, 
and by the leakages of heat into the cold parts 
of the plant. 


ones of a convenient size and weight for 
marketing. 

The brine used in refrigerating plants is 
always made from calcium chloride and not 
sodium chloride or common salt. This is 
because brine made from common salt has 
been found to be corrosive to the iron coils, 
and, further, common salt brine is liable to 
freeze at the temperatures often met with in 
refrigeration. 
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OUTLINES OF AUTOMOBILE ENGINEERING 


By J. L. Mizriean, B.Sc., (Vict.), M.1.A.E. 


LESSON VIII 
CLUTCHES AND GEARBOXES 


THE usual petrol engine has a very uneven 
turning moment even with six cylinders and is 
incapable, in its modern form, of self-starting, 
as opposed to hand or electric starting. It is 
therefore necessary to have some method of 
releasing the engine from the transmission so 
that it may be run idle when the car is at rest. 

As it is necessary also to bring the car into 
motion without stopping the engine, a clutch 


Friction mats riveted 
on outer plates c Qa 


DIAGRAMMATIC VIEW OF 


Fic. 35. 
MULTI-PLATE CLUTCH 


which allows slip between two members until 
they arrive at a common speed is required. 

The simplest type is where two discs attached 
to the engine shaft and transmission shaft 
respectively are pressed together until they 
transmit the whole torque without slip. This 
is an unpractical scheme owing to the high 
pressure required. 

In order to reduce end-pressure the cone 
clutch is used. This is in several forms differ- 
ing only in detail. The angle of the cone 
should be not less than the “‘ angle of friction ”’ 


of the materials, or it will “stick’’ in and 
require more force to release it than is necessary 
to hold it in. 

Clutches are always held “in,” i.e. in driving — 
contact, by a spring, and “ out ”’ by pressure on 
a lever under the left foot, called the clutch 
pedal. 

The inverted cone is the simpler form of cone 
clutch and gives excellent service, although 
there is not much to choose between the types. 

It is not so easy to adjust the spring pressure 
on the inverted as on many external cones. 
This is a blessing in disguise. Cone clutches 
are gradually disappearing in favour of the 
single disc or multiple disc. 

At one time cones of hardened steel working 
in cast iron or gun metal and well lubricated 
were common, but their lubrication is of great 
importance, and the public will not look after 
things under floor boards. 

As the fly-wheel has no mechanical function 
to perform, except carrying the engine over the 
“dead points’ where no work is being done 
by the pistons, it is usually made to act as part 
of the clutch. : 

In order to make a quick start it is possible 
to run the engine very quickly and let the 
clutch in so that part of the fly-wheel momen- 
tum is transformed into car momentum at a 
lower engine speed. (Note it is not energy 
transformed as some is lost in heat. This is a 
common error.) As there is no room nor 
necessity for such a practice, fly-wheels should 
be kept as light as is consistent with smooth 
running when at rest or driving slowly in traffic. 
If there is any necessity to speed up an engine 
before allowing the clutch to engage in order 
to make a start there is something wrong with 
either engine, clutch, or driver. 

Plate Clutches. The plate clutch is the com- 
monest type of clutch to-day. It is of several 
forms as single or double plate. A diagram- 
matic view of a multiple plate clutch is shown 
in Fig. 35. 

A drum a attached to the fly-wheel and having 
keys in its inside at has plates fitted in it which 
can slide along axially, but cannot rotate 
because of the keys. 

These plates have holes in the’ centre large 
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enough to clear the keys on a shaft d@ which 
transmits power to the driving gear. 

Plates keyed on d, but sliding along it, are 
interposed between the plates c. If pressure is 
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Fic. 36. Borc-Beck CLutcH 
(Automotive Products Co.) 


put on the outside plates (there should be an 
odd number of “ outers ’’) by springs as shown, 
then each “inner ”’ is pressed on both sides by 
outers, and whatever torque is necessary to slip 
one inner over one outer, under that spring 
pressure, is multiplied by the number of sur- 
faces which can slip. The actual surface in 
contact does not matter in the least, as far as 
grip goes, but when too small a rubbing surface 
is used the heat generated cannot get away 
quickly enough and the temperature of the rub- 
bing surfaces rises. The majority of materials 
used for clutch linings have a coefficient of 
friction which falls as the temperature rises. 
This is especially true of leather. If therefore 
the temperature once rises, the clutch will 
slip and generate more heat until it burns and 
becomes useless. 

A few calculations on the magnitude of forces 
dealt with can be considered here. Assume 
the case of an engine developing 25 b.h.p. at 
I,000r.p.m. The average torque on the fly- 
wheel is 25 < 631b.1 at rin. radius. Assume 
mean radius of clutch rubbing surface is 7 in. 
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The tangential force is then (25 x 63) +> 7 = 
225 lb. If the coefficient of friction of the 
liner on the metal face is -2 (some linings are 
higher than this), the end pressure necessary 


22 
just to stop slip is 3 == 3,125.1); 


If a rubbing face is provided on both sides, 
half this amount is necessary. 

In a plate clutch containing 10 inners and 
II outers, there are 20 rubbing faces and the 


pressure will be ” == 50:21b) 


The great difficulty in using such a type of 
clutch is its length, and in order to allow for 
inequalities in thickness of plates there must be 
a definite separation of the surfaces. The more 
plates used, the more travel is necessary on the 
end plate to free the clutch—and as liners wear, 
the clutch requires adjustment. 

The present practice is to use only one or 
two plates, and use levers to provide the pres- 
sure necessary for disengagement without heavy 
pressure on the sliding collar. It is essential to 
do this, as if heavy pressures are used in with- 
drawal the crankshaft is thrust backward or 
forward, and there must be proper provision 
for this on the rear bearing in order to prevent 
“float” occurring. Fig. 36 shows a well-known 
plate clutch. 

Cone Clutches—Angle of Cone. If the cone 
runs on an extension of the fly-wheel shaft, it 
can only travel in direction of arrow T, Fig. 37. 


Fic. 37 


Pressure between faces at a point P can vary 
from the normal to an angle equal to the angle 
of friction, i. PA and PB. The angle of 
friction ¢ is tan w. 

1 Every student should memorize this figure 63 


which is the torque in in.-lb. producing 1 hp. at 
1,000 r.p.m, 
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In calculating the necessary pressures it is 
not sufficient to take cognizance only of the 
angle of the cone to find the required amount, 


Fic. 38. INVERTED CoNE CLUTCH 


the angle of friction is to be accounted for as 
well. 

If the angle of the cone is less than the angle 
of friction then the clutch may continue to 
function if pressure is removed, and force will 
be required beyond the spring pressure; on 
the other hand, pressure beyond the ideal spring 
pressure is necessary to bring it tightly into 
contact. 

The “‘fierceness”’ of a clutch is due to the 
angle being too small for the material used. 
Many cone clutch fabrics contain dressings 
which soften and exude at high temperatures 
so that after much “ slipping,” either due to 
crawling in traffic or misadjustment, they will 
stick in. 

For small cars and motor-cycles cork studs 
are in use as friction material, running in oil 
and are an excellent material, but are very 
quickly destroyed if heating occurs. They will 
stand considerable abuse. 

The parts of a clutch which only revolve when 
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in engagement, and not when the engine is 


running with clutch disengaged, must be as_ 


light as possible and small in diameter in order 
to reduce momentum to the lowest amount. 
This is necessary for gear changing. 

Many types of clutch have been tried, but the 
two types, cone and single or double plates, are 
now almost exclusive.. Hydraulic clutches in 
which oil was’ pumped through adjustable 
restrictions and electro-magnetic clutches have 
both been tried and discarded for automobile 
work, also coil clutches, which are excellent on 
mill machinery where the torque is always in 
one direction, whereas in descending hills on a 
car the car drives the engine and releases the 
coil clutch. 

Gearboxes. If the curves of horse-power to 
engine revolutions per minute be plotted, they 
will be found to have a shape as shown in 
Fig. 39 for a modern high efficiency engine and 
for a low compression, low speed engine respec- 
tively. Suppose we plot in Fig. 40 the horse- 
power necessary: to run at varying road speeds 
on level, up hills of differing grades or on slight 
down grades. This is a function of car weight, 
wind resistance (form of vehicle), road surface, 
and transmission efficiency from engine to road 
wheels. : 

These are not constant for any given vehicle. 
Weight is obviously variable. Wind is of great 


importance at high speeds and whether with or 
against the car’s motions. 

Road Resistance varies with surface and 
foundations of road, with class of tyre, and on 
roads of bitumen or tar surfaces with tempera- 
ture. A pedal bicycle will give more reliable 
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Fic. 39. Rrvs. PER MINUTE—HORSE-POWER 
CURVES 


information on these points. Gradients ride- 
able after rain are not rideable when hot and 
sticky. At slow speeds soft tyres are at a 
disadvantage in power required to move them. 

It is obvious that if an engine with a curve as 


OUTLINES OF AUTOMOBILE ENGINEERING 


Fig. 39 is required for a car whose road require- 
ments are as Fig. 40, it is important to relate the 
engine speed to the car speed at more than one 
point. If the speed reduction to the wheels is 
made so that the maximum “peak” of the 


Horse Fower 


power curve is fitted to the I in Io gradient 
curve, as shown, the car will not attain much 
higher speed on the level than on _ that 
gradient. 

In order to accommodate it to the level 
conditions, the peak of the power curve must 
come at another road speed. 

If a car had to operate with known loads over 
a known gradient it would be possible to provide 
it with a single gear, but in practice a choice of 
three or four is given to cover all circumstances. 

In passing we may note that two of the 
cheapest vehicles have but two changes. 

The relationship of the gears in a gearbox 
is a matter of compromise. 

First consider the three-speed box. In private 
cars the ratio from top gear to bottom gear is 
seldom over 3 to 1, that is top 100, low 33. If 
the second is placed at 66 it is a big step first to 
second, so if a hillis being climbed well on first it 
is a risk to bring the engine down to half its 
speed by changing up and maintaining the same 
road speed. : 

If, on the other hand, we bring it down to 
50, the gap occurs between second and third 
and, if for a delay on a slight grade, the driver 
has to use second he has difficulty in regaining 
his road speed on changing to top. 

The second is always a compromise in this 


30 
Miles per Hour 


Fic. 40. PowER CURVES FOR CAR ONE TON WEIGHT ENGINE AS FIG. 39 


Showing engine ‘‘ peak "’ arranged for one in ten grade and for level. 
Note. Horse-power for wind resistance varies as cube of speed. 
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case. Some purists calculate it as the geometric 
mean of the gear ratios, holding that the chang- 
ing will then occur at the same engine speeds and 
the driver will know by the note of the engine 
when to change. In these days of silent six- 


cylinder engines and closed cars the driver does 
not know the “ note ” of his engine. 

The usual settlement is by the designer seeing 
how the job lays out for bearings, and also to 
see that as far as possible the same tooth num- 
bers shall be used in the box twice to cheapen 
production. This is the veal reason for the 
geometric mean box. 

In four-speed boxes a lower first is usually 
provided than in three-speed boxes, but not so 
low as to make the second correspond to the 
old third. 

There are many types. Some keep a close 
ratio top to third for fast climbing on usual 
main road hills. The double reduction in the 
box causes lost power, and hence if third is too 
near top the extra loss will give no advantage in 
changing down to third. 

In such cases changes must be made at high 
speeds. 

The I00, 75, 50, and 25 per cent box is com- 
mon and is an excellent box, but second is high 
for starting from, and first too low. 

The design is again dependent on the choice 
of repetition of teeth, especially when ground 
gears are used in order to cheapen production. 
In the next lesson we will consider some of the 
practical points in gearbox design, and gear 
changing. 
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POWER TRANSMISSION BY BELTING 


By W. G. DUNKLEy, B.Sc. 


LESSON XI 


BELT SHIFTING FORKS, BELT 

SHIFTING ARRANGEMENTS, QUAR- 

TER TWIST DRIVE, GUIDE PULLEY 
DRIVE 


Belt Shifting Forks. In the case of belt driven 
machines it is usually necessary to have some 
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means of stopping the machine. Some form of 
clutch may be provided in which case the belt 
will run continuously so long as the mainshaft 
is running from which it is driven. Fast and 
loose pulleys may be provided in place of the 
clutch and, in this case, the belt is moved from 


'| Belt Shifting 


Forks 


FIG. 10 


the fast pulley which is keyed to the shaft on 
to a pulley which runs loose on the shaft. 
Fig. 9 shows a common form of belt shifting 
gear. The belt runs between two forks as 
shown. These forks are carried on a bar A, 
which is supported loosely in slots B, in the 
hangers. Suitable means is provided for mov- 
ing the belt fork bar along so that the belt 


forks constrain the belt to move along from one 
pulley to the other. In Fig. 9, the bar is a 
rough black bar, and is not machined. The 
forks are generally of malleable cast iron. The 
diameter of the forks may be I to r}in. for 
general cases. It will be seen that as the belt 
is being moved by the forks the edge of the 
belt will be rubbing against the fork. This is 
not good for the belt and so, sometimes, the 
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forks are made as in Fig. 10. In this case we 
have two common steel rods A, on which are 
placed lengths of suitable standard pipe. The 
pipes are kept in place, and the two forks 
braced together by the connecting plate C. 
As the belt is moved the pipe can rotate and so 
the friction between the belt and fork is con- 
siderably reduced. ~ 

Position of Belt Shifting Forks. It is very 
important that the forks should be placed so 
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that the belt is struck on the entering side, and 
not on the leaving side. 

Fork for Large Pulleys. It is very desirable 
that the fork should strike the belt as near the 
pulley as possible. When the pulley is of 
fairly large diameter, if the forks are made 
straight, the distance between the fork and the 
pulley leaves a somewhat flexible length of belt 
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between the fork and the pulley surface. In 
order to reduce this length the forks are made 
with a drop, as shown in Fig. 11, and of astronger 
construction as will be seen. 

Fast and Loose Pulleys. In order to relieve 
the tension on the belt, and the load on the 
bearing, the loose pulley is sometimes made 
smaller in diameter than the fast pulley. The 
loose pulley tapers up to meet the fast pulley, 
as shown in Fig. 12. When a pulley is loose the 
drag of the belt in moving across the face is 
able to tilt the pulley and thus concentrate the 
load on the two edges of the boss. The boss of 
the loose pulley should be made as liberal as 
possible in length. 

Reversing Belt Drive. A reverse drive may 
be provided for a belt driven machine by driving 
the machine from a countershaft, and arranging 


a reverse drive to the countershaft. A counter- 
ee | Countershaft 
PVE 
C A 
fast Loose iz 
Drive to Looseon fast Pulley 
Machine Shatt keyed to Shatt 
Fic. 13 : 


shaft is a short shaft driven from the main shaft 
which usually runs the full length of the shop. 
The main shaft runs all the time at a given 
speed, and the countershaft is generally necés- 
sary to provide a means of stopping the machine, 
and to take care of speed requirements at the 
various machines. Referring to Fig. 13, we 
have a set of three pulleys A, B, and C, driven 
by an open belt from one wide pulley on the 
main shaft and a set of three pulleys D, FE, and 
F,, driven by a crossed belt from another wide 
pulley, also on the main shaft. The pulleys 
D, E, and F, will, therefore, run in the reverse 
direction to the pulleys A, B, and C. Now 
when the open belt is on pulley A, the crossed 
belt is on pulley D. The countershaft is then 
driven in the direction indicated on pulley A. 
The two belts are moved simultaneously across 
the pulleys, so that when the open belt is on 
B the crossed belt is on E. Both these pulleys 
are loose on the shaft and, therefore, the coun- 
tershaft is idle. As the two belts are moved 
farther along the open belt moves to the loose 
pulley C, and the crossed belt to the fast pulley 
F, and the countershaft now runs in the reverse 
direction as indicated. 
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Reversing Belt Drive for Planing Machine. 
The three pulley design shown in Fig. 13 
occupies too much floor space to be really suit- 
able for a planer drive. A reversing drive for 
a planing machine is illustrated in Fig. 14. 

The table of the planing machine carries two 
dogs or stops in a tee groove along the side. 


Fast Pulley 


Loose Pulleys 
Roller 


——— 


Dy 


—— 


Fast Pulley 
keyed to Shatt. 


Crossed Belt 


Fic. 14 


These dogs can be adjusted along the table to 
effect the reverse at the end of the required 
length of stroke. At the suitable part of the 
stroke the dog pushes over a tumbler lever. The 
angular movement of this tumbler lever is used 
to transmit motion, by means of a system of 
shafts and connecting rods, to the cam bar, 
shown in Fig. 14. The strap forks B and C, 
are double levers pivoted on studs K, carried 
by a bridge bracket L. The short arms of the 
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strap forks carry hardened steel rollers D and 
D, which slide in a cam slot in the cam bar as 
indicated. The open belt should run on the 
large diameter pulleys and the crossed belt on 
the smaller pulleys, as this gives a larger angle 
of lap on the smaller pulley than if the open 
belt were on the small pulley. In the position 
shown, the open belt is driving on the fast 
pulley EF, and the crossed belt on the loose 
pulley G. 

Now as the cam bar is moved in the direction 
indicated by the arrow, the inclined part of the 
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cam slot engages on the roller D, and causes the 
strap fork B to rotate on the stud and thus to 
move the belt on to the loose pulley F. At the 
same time, the straight part of the slot engages 
the roller D, and no motion is given to the 
fork C. The two belts are now on the loose 
pulleys. As the motion of the cam bar con- 
tinues the inclined part of the slot engages 
roller D and throws the belt from G on to the 
fast pulley H. At this time the roller D, rides 
in the straight part of the slot. The crossed 
belt is now driving the machine in the reverse 
direction, the open belt being on the loose 
pulley. The operator can actuate the tumbler 
lever by means of a hand lever, and so can 
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reverse the machine by hand at any moment, 
or he can throw the cam bar into the position 
in which both belts are on the loose pulleys and 
so stop his machine. 

Quarter Twist Belt Drive. A quarter twist 
drive is illustrated in Fig. 15, in which the shafts 
are at right angles. In these drives the pulleys 
must be arranged so that the belt enters each 
pulley in a path at right angles to the axis of 
the pulley. Consider view (1). If we move B 
at right angles to the paper we should not dis- 
turb the plane of entry of the belt on to pulley 
A, but if the belt is to enter pulley B in a direc- 
tion at right angles to its axis the only possible 
position for pulley B is as shown in the plan 
view. If the pulleys are to be arranged at an 
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angle other than go degrees, the pulleys may be 
pivoted about the point P. 

Guide Pulley Drive (Fig. 16). To keep to the 
principle stated for quarter twist drives, the 
following conditions are necessary. The plane 
through the middle of B must be tangent to the 
face of pulley A. The plane through the middle 
of C must be tangent to the face of pulley B. 
The plane through the middle of D must be 
tangent to the face of pulley C. The plane 
through the middle of A must be tangent to 
pulley D. Pulleys B and D are not necessarily 
on the same centre. Pulley B may be raised 
vertically and D moved horizontally without 
disturbing the above conditions. 


(ConcLuston) 
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By A. Morron Bett, O.B.E., M.I.Mecu.E., M.I.Loco.E. 


LESSON VI 
THE ENGINE 


THE engine comprises the mechanism whereby 
the energy developed by the combustion of fuel 
in the fire-box of the boiler is converted into 
motion through the agency of the steam gener- 
ated. It embraces the cylinders, pistons, con- 
necting rods, and cranks, with the necessary 


restrictions (see Fig. 1, on page 862). Conse- 
quently, recourse has had to be made to employ- 
ing three and four cylinders, the additional ones 
being placed usually between the framing, or 
vice versa. 

In the case of compound engines, a combined 
arrangement of cylinders inside and outside is 
frequently resorted to, although there are cases 
when the large size of even the smaller high 
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Fic. 19. SECTION OF CYLINDER WITH VALVE CHEST 


? 


“motion ”’ or valve gear, to effect the correct 
and most satisfactory distribution of the steam, 


and direct the movement of the engine either . 


backwards or forwards. 

The cylinders may be two, three, four, or 
even more in number, placed either inside or 
outside of the framing, or both. Whilst loco- 
motives were of moderate dimensions and 
power, two cylinders usually sufficed, and 
the favourite location in this country was 
inside the framing. As the size and power 
of engines developed and the restrictions 
imposed by the gauge of railway, with the 
consequent width apart of the members 
forming the framing, preventing them from 
being placed there, they had to be arranged 
outside, and now most of the larger engines 
running are so designed. Limitations in “‘ over- 
all” width have, however, again dictated 
further rearrangement, as cylinders beyond a 
certain diameter cannot pass loading gauge 


pressure cylinder precludes their location there, 
as in the huge “‘ Mallett ’’ engines running. 

The cylinders of a locomotive are generally 
made of a special close-grained, hard, cast iron, 
carefully manufactured, to ensure good, clean, 
and perfect castings. Cast steel is now being 
employed for some of the very large cylinders 
used on locomotives of exceptional dimensions. 

The above diagram, Fig. 19, gives a section 
through a cylinder and its steam ports. The 
piston, in this case, is of steel, this material 
being lighter than cast iron for a given strength. 
The piston-rod, also of steel, is fitted to the 
piston with a coned end, secured by a screwed 
nut and locked. 

To secure distribution of the steam admitted 
to the cylinders from the steam chest, valves are 
necessary, and these represent the result of 
much invention, controversy, and experience, 
and form a most interesting subject for students 
of locomotive engineering. 
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The simple “D” slide valve (usually of 
bronze), of which a sketch is given in Fig. 
20, answered all requirements of the early 
locomotives. 

There are three ports, or passages, on the 
cylinder face; the outer ones communicating 
with the two ends of the cylinder and either 
side of the piston working in it, whilst the 
centre one is for the exhaust and leads to the 
blast pipe. If the valve is moved to the right 


or left, it is obvious that steam will be admitted 
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Fic. 20. ACTION OF THE “D” SLIDE VALVE 

to that end of the cylinder of which the port is 
uncovered, whilst the central portion, or 
cavity, of the valve will form a passage for 
steam escaping from the opposite side. 

In the drawing, Fig. 20, D, the valve is shown 
in mid-travel, and it will be noted it more than 
covers the ports on either side ; this extension 
of the face of the valve is termed the “ lap,” 
and is provided so that the valve shall cut off 
access of steam to the ports before the piston 
in the cylinder reaches the end of its stroke. 
This latter will then be completed by the 
expansion of the steam imprisoned in the 
cylinder. The valve continuing its movement 
in the direction of the arrow will next cause the 
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port to be opened to exhaust by way of the 
cavity of the valve, whilst on its other side the 
edge of the valve will uncover its port to steam. 

As the piston immediately approaches the 
end of its stroke, the valve is arranged to 
slightly open by an amount called the “ lead ”’ ; 
this is secured by setting the eccentrics on the 
axle (with link motions) in such a position termed 
the “ angular advance,” as will cause the valves 
to be moved the required amount in advance 
of the movement of the piston. 

The operation of the slide valve will be best 
followed by reference to the diagram, Fig. 20, 
which gives in A, B, C, and D the relative 
positions of the piston and valve during one- 
half of a revolution of the crank ; it is easy to 
reverse the movements, and so complete one 
cycle. 

At A, the piston is shown at the front of the 
cylinder about to commence its stroke, and the 
valve is seen just opening the port by the 
amount of “lead.” At 8, the piston has 
moved to nearly half of its stroke, and the 
valve has opened to the full extent of its travel. 
At C, the piston has reached three-fourths of 
its stroke, whilst the valve has reversed and has 
closed the port, due to its “lap.” At D, the 
piston is shown as being on the point of finish- 
ing its stroke, whilst the valve having closed 
the port to steam, is commencing its opening to 
exhaust. At the other end of the cylinder it 
has just closed the port to exhaust, and steam 
in the cylinder is being compressed by the 
piston, forming an elastic cushion against the 
shock of reversal of movement. Immediately 
before the piston stops, the valve will be 
opened by the amount of its lead, as shown in 
A, and the sequence of events is repeated for 
the other end of the cylinder. These funda- 
mental operations of the slide valve hold good 
for all other steam distribution devices, although 
they may vary in the way they actually carry 
out the procedure. 

The adoption of higher steam pressure, super- 
heating, etc., have necessitated improvement 
on this device, which relied entirely upon flat, 
sliding surfaces for all movements, entailing 
much friction. In the original installations of 
cylindrical valves intended to replace these, 
trouble was experienced with condensed water 
getting jammed in the cylinders and unable to 
escape (with the old slide valves, it lifted them), 
but all this has now been satisfactorily met by 
providing flexibility in the packing rings, etc. 

A typical and well-designed piston valve is 
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Fic. 23. Goocu’s STATIONARY LinK Motion 
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shown in the drawing, Fig. 21, which is arranged 
for ‘‘ inside ”’ admission ; that is, the steam from 
the boiler is introduced between the pistons of 
the valve, which is directly opposite procedure 
to the working condition of an ordinary D slide 
valve. A great advantage of this arrangement 
is that the valve spindle, “ gland,” or stuffing- 
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is now being gradually supplanted by the 
Walschaert, a gear of almost precisely the same 
age. 

In the Stephenson motion, two eccentrics are 
employed for each cylinder, and the general 
arrangement will be readily followed from the 
diagram, Fig. 22. 


The connecting link is 


Fic. 24. ALLAN’s STRAIGHT LINK MOTION 


box is only subjected to the pressure of exhaust 
steam, and not to high pressure, superheated 
steam, as it would be if conditions were reversed. 

Coming now to the motion, or means of 
operating the valves, to secure the required 
distribution of steam, there are many designs 
in use. A description of the more common 


known as the “expansion” link, and it is 
evident that the block, or die, which slides in 
it, and is connected to the valve spindle, will 
receive motion in proportion to its proximity 
to either the top or bottom of this link: at the 
centre it will be mid-gear, remaining all but 
stationary, merely oscillating on its pin. The 
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type will be interesting in the order in which 
it may be said they were introduced— 

1. The Stephenson “ shifting ’’ link. 

2. The Gooch “ stationary,” or “ box” link. 

3. The Allan “straight ” link. 

4. The Joy’s radial gear. 

5. The Walschaert’s gear. 

The Stephenson was undoubtedly the gear 
most used in this country until recently. It 


operation is simple, the driver just lifting or 
lowering the expansion link as he desires his 
engine to go, backwards or forwards, or placing 
it at any intermediate position for controlling 
the travel of the slide valve, and consequent 
“admission ” or ‘cut-off’? ofsteam. With the 
Stephenson motion, the lead of the. valve does 
not remain constant, but varies somewhat in 
the different positions of cut-off. 


Fic. 26. WALSCHAERT’S VALVE GEAR 
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In the Gooch motion, Fig. 23, the link is 
curved and stationary, whilst the connecting 
rod to the valve is moved up or down to receive 
the motion of the eccentrics. This motion was 
much used on the Continent of Europe, as it 
was claimed that a more constant and uniform 
distribution of steam was effected when the 
engine was running in different degrees of cut- 
off. 

The Allan motion, Fig. 24, embodied a com- 
promise between .the Stephenson and Gooch 
arrangements ; both the expansion link and 
valve spindle connecting rod were moved, one 
balancing the other; consequently, the link 
became a straight one.’ Although only used to 
a limited extent in this country, it became a 
great favourite in America, due to its ease of 
manipulation. 

These so-called “link motions” have the 
disadvantage of slow movement for the valve 
during the whole of its path; manifestly, an 
ideal arrangement would be a quick opening of 
the port to steam, a period of little movement 
or rest whilst the steam is entering the cylinder, 
than a quick and effectual closing of the port, 
with a second interval of rest while steam com- 
pletes its expansion in the cylinder. These 
desiderata were early recognized by designers of 
valve gears, and, to obtain the required move- 
ment, recourse has been made to different types 
of “radial” gear receiving motion from either 
reciprocating, or revolving, parts of the mechan- 
ism. The Walschaert is one of the earliest, 
dating as far back as 1844. Joy’s preceded 
it, however, in extensive application in this 
country, hence its position in the list given. 

In Joy’s gear, Fig. 25, the movement for the 
valve is taken from the connecting rod, and no 
eccentrics are used. From the diagram given, 
it will be seen that the pin from which the valve 
spindle receives its motion moves in an elliptical 
path and will, consequently, perform the passage 
round the end arcs of the ellipse quicker than 
along the flatter, curved sides; hence, the 
speeding-up of the valve at the points of cut-off, 
release, etc. Reversing is effected by partially 
rotating the slipper block. An advantage of 
some importance is the absence of eccentrics 
and the consequent ability to straighten up 
the crank axle of an inside-cylindered engine, 
but there is the disadvantage of violent move- 
ment of the joints and moving parts, with 
accordingly much wear and tear. 

The Walschaert gear must now be described, 
as it appears to be rapidly superseding nearly 
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all other types of link, or radial, motion, chiefly 
on account of its simplicity, accessibility, and 
the very satisfactory distribution of steam 
which can be effected by it. The drawing, 
Fig. 26, shows an approved arrangement as 
installed in an outside-cylindered locomotive of 
recent construction. Only one eccentric, or 
crank, is used for each cylinder, and the travel 
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of the valve is effected by a combination of 
movements of the cross-head and eccentric 
path. 

In both Joy’s and Walschaert’s gear, the lead 
of the valve remains constant. 

A still more recent improvement in locomo- 
tives is the introduction of “‘ poppet” valves, 
actuated by reciprocating, or rotating, gear. 
thus securing the nearest result to that desired 
theoretically in the quick and definite opening 
and closing of the valves. 

Fig. 27 shows one form of such a valve gear, 
which is being largely used on new locomotives, 
both here and abroad. It is known as the 
“ Lentz,” and another equally promising device 
is that of Caprotti. The valves in the former 
are actuated by cams operated by a cross-shaft 
in the valve chest, receiving motion from a 
modified radial valve gear operated by the 
driving members of the engine. In an arrange- 
ment of the second named, a horizontal revolv- 
ing shaft, driven from the main axle, imparts 
the requisite motion to the. cams used for 
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operating the valves. It is claimed for this 
that the suppression of all links, reciprocating 
rods, etc., more than compensates for any 
complications due to the somewhat involved 
mechanism of the bevel wheel gearing, etc., 
employed. 

For easy manipulation by the driver of the 
different valve gears, or motions, described, two 
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varying degree of expansion. A representative 
application of each is shown in Fig. 28. A 
represents a lever arrangement, whilst B and C 
show screw installations. 

Power-operated reversing gears are, however, 
becoming general on engines of modern design, 
either steam or compressed air being used as 
the medium. Fig. 29 gives a very compact and 
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distinct manual arrangements may be used, 
viz., levers, or screws; the latter is by far the 
more generally adopted on running locomotives, 
whilst the former has its advantages for shunt- 
ing engines, where quick and constant reversal 
of the engines is of more importance than the 
ability to put and maintain the engine in 


satisfactory design of air-operated reversing 
gear, which can also be manipulated by hand 
when the engine is “‘ dead,” etc. In running, 
almost instantaneous reversal can be effected 
by power, whilst the finest adjustments for 
expansion can be produced by the hand- 
wheel. 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy HE. Rycrort, M.B.E., M.1.E.E. 


LESSON X The chief advantages claimed for such an 

arrangement are— 
: PULVERIZED COAL 1. The amount of excess air required for com- 
THE burning of coal in pulverized form has bustion can be reduced to a lower figure than is 
attracted a good deal of attention during recent possible by other methods of coal firing, and a 
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years, and a number of plants have been higher average efficiency can therefore be 
installed for the purpose both in America and obtained. 
in this country. 2. The amount of heat delivered to a furnace 
There are now several types of such plant on can be so easily and quickly adjusted that a 
the market, but these differ only in regard to steam boiler fired by pulverized fuel has very 
. great flexibility and a heavy overload capacity. 
3. Fuels such as low volatile slacks and others 
containing a very high percentage of ash, which 
are difficult to burn satisfactorily by other 


Fic. 61. LEHIGH PULVERIZER MILL, AIR Fic. 62. TRIPLEX TYPE FEEDER 
SEPARATOR TYPE (FULLER SYSTEM) 


detail, the main principle common to all being means, can be readily consumed in a pulverized 
the introduction into a furnace of a continuous form. ; 

stream of finely powdered coal which, when There are two main systems of pulverized 
ignited, maintains a gas-like flame. coal burning. In the “ Central ”’ system all the 
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coal for a complete installation is dried and 
pulverized by a central plant and conveyed to 
the individual boilers through overhead bunkers, 
pipe lines, and feeders. In the “‘ Unit ’’ system 
each boiler is fitted with its own pulverizing 
mill and the fuel is delivered direct from this 
to the furnace. 

At the moment, the ‘“‘Central’’ system is 
most in favour and practically all the larger 
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the brickwork, and to reduce the cost of main- 


tenance, due to this cause, water cooled walls 
are now generally resorted to. 

By this arrangement water tubes extend 
down both the side and rear walls and form an 
integral part of the boiler. A further difficulty 
which has to be contended with is the question 
of “ slagging,’”’ i.e. the liability of the incom- 
bustible matter in the fuel to fuse into a solid 
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installations so far laid down are so arranged, 
although some success has been achieved by 
small “ Unit ”’ plants. 

It is rarely possible to equip existing boiler 
plants for pulverized fuel firing without material 
modification to the furnace and, for the best 
results to be obtained, the steam-raising plant 
should be specially arranged for the purpose. 
The difference between the size of furnace 
required for a pulverized fuel fired plant and 
for a stoker fired plant of similar evapo- 
rative capacity is considerable, the former 
being at least three times as large as the 
latter. 

The fact that higher temperatures can be 
developed in a pulverized fuel furnace would 
normally entail very heavy wear and tear on 
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ARRANGEMENT OF PULVERIZED COAL-FIRED BOILER 
(FULLER SySsTEM) , 


mass under the high temperature and com- 
pletely choke the ash pits. } 

To overcome this trouble a horizontal screen 
of water tubes is often introduced a little above 
the bottom of the furnace, and by striking 
against this screen the white hot particles of 
incombustible matter are sufficiently cooled to 
prevent fusion. This water heating surface also 
forms an integral part of the steam-raising plant. 

Another arrangement for achieving the same 
purpose allows for a stream of cold secondary 
air to meet the slag particles as they fall, and 
so reduce their temperature sufficiently to avoid 
fusing as they come to rest. 

The two processes of primary importance in 
connection with pulverized coal burning are 
those of drying and pulverizing. 


STEAM BOILERS AND THEIR ACCESSORIES 


It will be obvious that any moisture in a 
powdered mass will cause it to bind and clog 


pipes, 


any mills, screens, elevators, bins, 
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feeders, and other parts through which it has 
to pass on its way to the burners in the furnace, 
and this clogging is bound to be cumulative in 
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“ SuPER ” MILL 


its effects and may easily and speedily prevent 
an entire plant from operating. 

For really efficient working, the moisture con- 
tent of the fuel should, therefore, be reduced to 
not more than 1} per cent, and with anything 
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over 4 per cent difficulties are certain to be 
encountered. 

Driers. Driers take two main forms, rotary 
and stationary. The former may consist of a 
steel cylinder, probably 50 ft. long and 6 ft. in 
diameter, carried in a cradle and slightly inclined 
to the horizontal. 

It is slowly revolved by means of a pinion 
gear and the coal to be dried gravitates from the 
higher to the lower end, this motion being 
assisted by slats riveted to the interior which 
continually carry a certain amount of the coal 
upward until it falls back into the centre. 

Either separately fired or waste furnace gases 
are passed both through and round the revolving 
drier, and by this means a high percentage of 
moisture is extracted from the fuel. 

In the stationary or vertical type of drier the 
fuel enters at the top and slowly joggles through 
a series of baffle plates or louvres, while. waste 
furnace gases pass through the fuel in the 
opposite direction of travel. Steam heated 
driers are also sometimes used. 

Pulverizers. After drying, the fuel is passed 
into the pulverizing mills. These are of several 
types, but in all cases it is necessary to reduce 
the ground fuei to a high degree of fineness and, 
for really efficient working, it is considered that 
not less than 68-70 per cent of the bulk should 
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pass through a 200 mesh sieve (i.e. 40,000 holes 
to the sq. in.), while the remainder should pass 
a 50 mesh. 

Of the mills, the ball mill as used in the 
Fuller system and the Raymond mill as adopted 
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by the Lopulco system are typical. In the 
ball mill four heavy unattached iron balls are 
caused by rotating arms to travel round a wheel 
race to which the fuel is continually being fed. 

As the coal is ground and crushed to a suit- 
able fineness, it is carried by fan-induced air 
currents to a separating chamber and ultimately 
to the storage bins. 

The Raymond mill is of the roller type con- 
sisting of six chilled iron rollers suspended on 
spindles and free to swing from a rotating spider 
driven by a vertical shaft. Surrounding the 
rollers is a pulverizing track or ring between 
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which and the revolving rollers the coal is 
ground. 

Given the dry fuel, of a suitable degree of 
fineness, the remaining operations for pulverized 
fuel burning are not difficult. 
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The fuel may be carried long distances— 
often many hundreds of yards—by means of a 


Fic. 68. Srmon Carves BoILER ARRANGED 
FOR BURNING PULVERIZED COAL 


Rated at 150,000 lb. per hour (180,000 Ib.. per hour on overload) 
320 lb. pressure 


Fuller-Kinyon pump, in which a small amount 
of compressed air is allowed to mix with and 
agitate the powdered fuel so that it assumes a 
semi-fluid condition. 

It is stored in bins above the boilers and falls 
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as required down enclosed chutes or pipes 
into mechanically operated feeders. These are 
usually of the screw feed type, and the fuel is 
carried forward until it meets a supply of 
primary air by the aid of which it is projected 
through the burners into the furnace. 

The burners are arranged either horizontally 
or vertically, the former offering the advantage 
of reduced height of furnace, but the vertical 
_ burner is more frequently met with. 

The burner flame is designed to present as 
much surface to the combustion air as possible 
and usually assumes a ribbon form, the combus- 
tion air being admitted through suitable regula- 
tors in the burner casings. 

_. It will be evident that providing, as has 

already been indicated, the fuel is really dry 
and has been sufficiently finely pulverized, 
operation of the burners and feeders is a simple 
matter and capable of very ready adjustment. 
The amount of accessory plant required is high 
and, owing to the increased height of the com- 
bustion chambers required and other factors, 
the overall total cost of a steam plant equipped 
for pulverized coal burning is higher than for 
a stoker fired installation of similar capacity. 
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As the size of an installation increases this 
difference is less marked, and it is in the larger 
plants that pulverized coal firing shows to best 
advantage. 

On the question of fuel a word of caution is 
advisable. It is true that there are numerous 
grades of coal which can more readily be con- 
sumed after pulverizing than in their raw form. 
This is not to say that by ‘pulverization any 
coal can be made to burn equally well. Actually, 
coal containing less than 5 per cent of volatile 
matter is extremely difficult to burn and where, 
in addition to so low a volatile the ash content 
is high, continuous combustion becomes prac- 
tically impossible, and a flame of very variable 
intensity is the result. Too much reliance 
should not, therefore, be placed on the sugges- 
tion that fuels, now a ‘“‘ drug on the market ”’ 
and, consequently, to be obtained at a very low 
price, can be substituted for high grade fuel. 
This is at best a very transitory advantage 
because the amount of poor fuel available is a 
very small proportion of our total supplies, and 
even this speedily approximates in commercial 
value to the higher grades immediately a method 
of utilizing it is discovered. 
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By J. McLacuian anp C. A. OTTO 


LESSON XII 
CORE-BOX CONSTRUCTION 


THE proper construction of core-boxes is as 
difficult as the construction of patterns. In 
some pattern-shops, when it is known that the 
core must be in two or three parts, only one core- 
box is made, and the core-maker is left to make 
his own divisions with the aid of paper or tin. 
This may be economical pattern-making, but 
it is costly core-making and seldom justifiable. 
Perhaps the only cores for which it is justifiable 
to make one core-box are some valve cores, 
because in these cases the valve seat forms a 
division, and two core-boxes are really con- 
structed as one. 


Much that has been said about pattern con- 
struction is equally applicable to core-box con- 
struction. In large boxes, the bottom and 
sides of which have to be made of several 
widths of timber battened together, joints 
should be open. There should be as few loose 
pieces as possible, and when some are necessary, 
except for “one-off” jobs, they should be 
dovetailed or dowelled in position in order that 
they may be accurately replaced. It is very 
important that, in rectangular cores, as much 
taper as possible should be allowed, and this 
applies also to ribs that are at right angles to 
the horizontal joint of the box. 

Small Cylindrical Core-boxes. When a small 
cylindrical core-box is long, the grain will be 


as shown at Fig.55, but when short it will be as 
Fig. 56. Assume that, instead of the core being 
of one diameter throughout its length, it is what 
is sometimes called a “ bottle-necked”’ core. If 
the grain of the wood is almost perfectly straight 
there would be no great difficulty in cutting the 
shape ; the best practice is to finish the small 
core-shape first ; but if the grain is twisted, it 
is exceedingly difficult to get a satisfactory 
result. For this reason it is not uncommon, even 
with the long cores, to make the grain across 
the core shape. Sharper tools are required for 
cutting end grain, but a much better result is 
obtained and in less time. 

For one-off jobs, core-frames are in many 
cases satisfactory, and, in some instances, when 
a number of cores are required, a core-frame or 
plate may be a more practical as well as a more 


economical way of obtaining a core than with a 
core-box. When determining the construc- 
tion of core-boxes or frames, the pattern-maker 
must have an understanding of foundry prac- 
tice. For instance, overhanging parts should be 
avoided in core-boxes whenever possible. It is 
frequently necessary, in order to prevent this, 
to print underneath a bracket or rib in a core- 
box and make a special core-box to forma core 
that is afterwards located in the main core. 

In regard to cylindrical cores, Fig. 57 illus- 
trates a satisfactory method of making a 
medium sized core-box when the shape is not 
more in length than, say, two-thirds of its 
diameter. If considerable taper could be 
allowed, it would be quite permissible to make a 
deeper box in this way. It is a usual type of 
box for a thin metal job, because any change 
that may take place will be uniform all round 
the diameter and will be small. 

Fig. 58 shows the best method of constructing 
a box for a large cylindrical core, or even a 
medium sized cylindrical core which is long. 
Such a box should always be built, lagging being 
fitted to a framework consisting of grounds and 
distance stays. The grounds should be made of 
crossed thicknesses, if many cores are required, 
and not less than 2} in. thick. The stays may 
be 2} in. to 44in. wide, according to the size 
of the work, and 13 in. or 2in. thick, The core-box 
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should be built just slightly longer than the 
finished length of the core, in order that it can 
be cleaned up when the lagging has been fixed. 
The inside of the box has to be planed out 
finally to the core diameter. There is no danger 
of the framework becoming twisted if reason- 
able care is exercised when cutting the various 
checks. The grounds should be: screwed toge- 
ther before being cut to shape, and the distance 
between the grounds should be 18 in. or less. 

It is quite common practice, even with first- 
class work, when a full cylindrical core is 
wanted to make a half core-box from which 
half cores are made and afterwards pasted 
together, or, alternatively, to screw ends on the 
core-box, the top parts of which are semi- 
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circular and on which a strickle to form the 
top half of the core can ride. ; 

Square and Rectangular Cores. In all pattern- 
shops, boxes for large and small rectangular 
cores are made, and, generally speaking, they 
do not present much difficulty. - With very 
small cores it is best to make a box like Fig. 59, 
making a diagonal joint, because the core is 
more easily removed from such a box. It is 
the usual practice when many cores are required 
to make a multiple box, and sometimes metal 
boxes are provided in such cases. 

Only the smallest boxes can be made in the 
way just described. Thin slab cores may be 
cut from a thickness of hardwood, but the 
great majority of square and rectangular cores 
are made in framed core-boxes. The thickness 
of timber for framed core-boxes should be 
from I to 1}in., depending on the size of the 
box. Cheese-headed screws with washers are 
very suitable for framed core-boxes, which the 
core-maker has to take to pieces: A bottom 
may be an advantage or it may be a disadvan- 
tage. If the box has no bottom the core-maker 
can make the core direct on a plate, and all the 
woodwork can be removed before the core is 
transferred to an oven to be dried. Often, 
however, bosses and ribs have to bé fastened to 
a bottom. With other than the smallest boxes, | 
bottoms should not be screwed from the 
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under-side, but by blocks about r4 in. square and 
about 4in. long—buttons they are sometimes 
called—which are secured to the bottom, the 
sides and ends of the box, as in Fig. 60. This 
obviates the trouble of removing bottom screws 
when stripping the core. 

Very large and deep framed boxes are made 
somewhat differently from small boxes. It 
may be necessary to make up the sides of two 
or three different widths battened together. A 
plan of a suitable construction is shown in 
Fig. 61. It will be observed that the end- 
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battens of the sides are screwed on the inside, 
and serve the same purpose as checks on smaller 
boxes. 

Boxes for Irregular Shapes. It is sometimes 
very convenient when making boxes for irreg- 
ular shaped cores to make a frame and fill in with 
shaped blocks. It is also done sometimes when 
making boxes for cylindrical cores about a foot 
diameter, with an end-fitting on a circular body. 
The construction of such a box is made apparent 


at Fig. 62. Sometimes instead of filling-in, the 
sides are made thicker and shaped. 

Sectional Boxes. The cores for many circu- 
lar castings are made in sections. Ribs may 
determine whether the sectional core-box shail 
be a sixth or an eighth, or the diameter may be 
the determining factor. Even when the centre 
boss is of fairly large diameter, it is always 
better to make the box to the centre as shown 
at Fig. 63, as it is the more easily altered, and 
bosses, ribs, etc., can be set more easily because 
the centre is on the box. The circular part in 
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the case of large boxes should be built segmen- 
tally. It is frequently necessary to shape 
the top of a core like this, and it may be 
done by means of a strickle swinging from a 
centre dowel and resting on the circular part 
of the box, the sides being shaped by the 
strickle. j 

In regard to skeleton core-boxes, the core 
shape should always be built inside a framed 


box. For small work this outer box need not 
be more than rin. thick, but for large boxes 
it should be at least 1} in. thick, and in some 
cases even thicker. For small boxes the ends 
should be housed into the sides, but when the 
work is long and deep, say, 24 in. or more in 
length, it is quite satisfactory to dispense with 
the housing and use battens and check battens. 
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The first thing to be done when making a 
skeleton core-box is to prepare a bottom, or 
two bottoms, if a full core-box is being made 
that necessitates two parts. It may save time 
ultimately to draw a very full view of the core- 
box joint on the bottom, because, if each part 
has to be nitted separately, it can be tested 
before being screwed or nailed into position. 
All skeleton core-boxes should have joint-plates, 
and these should fit inside the outer frame and 
should rest on the section pieces which define 
the core shape. 
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SOLDERING, BRAZING, AND WELDING 


By E. ArtHur Arxins, M.I.MrEcu.E. 


LESSON III 


TYPES OF JOINTS FOR 
ELECTRIC ARC WELDING 


ONE of,the most important things in connection 
with arc welding is to see that the work is pro- 
perly prepared, to ensure so far as possible that 
the best kind of joint can be made. 

The exercise of care and forethought in fixing 
up the work will always be well repaid in the 
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higher quality of the result. Consideration 
should be given to the heating up of the metal, 
its welding, and subsequent cooling ; and if the 
results of these are taken into account, it will 
go a long way towards producing a good job. 

It should be remembered that the local heat 
of the electric arc is more intense than in other 
welding processes, and also that the heat dif- 
fusion is, as a rule, considerably less. 

The speed at which the metal can be deposited 
is also more rapid than is the case with gas 
welding. 


It is necessary that the above facts should be 
taken into consideration when arranging the 
work to be welded. It will, therefore, be seen 
that very much depends upon the intelligent 
foresight of the operator as to whether the 
resulting weld will be a success or a failure. 

The important points to consider which go to 
the making of a good weld are as follows— 


1. The operator should pass through a period 
of training in the making and testing of the 
various types of joints. 

2. The welding machine should be of the best 
manufacture suitable to the work required to 
be done. 

3. Joints should be so prepared that proper 
penetration can be obtained. Also the surface 
of the metal to be welded should be properly 
clean. 

4. The electrodes chosen, whether bare, flux- 
coated, or lagged, should be suitable for the 
material to be welded. , 


The expansion and contraction of metals 
through increase or decrease of. temperature 
gives a good deal of trouble in welding work, 
and the conditions set up in this way must be 
taken into account. No definite rules in this 
respect can be given, as each particular piece 
of work must receive careful consideration. 
The one important point to remember is that 
the metal of the work should not be left in a 
strained condition when cold. 

Generally, plates less than }in. thick need 
not be veed, but it is advisable in thin material 
to leave the joint slightly open so as to obtain 
good penetration. 

For large work, the need for preparation is 
greater, and care should be taken to see that 
everything required is at hand, so that once 
welding is commenced there should be no stop- 
page on account of anything being required 
which might have been arranged beforehand. 


METHODS OF JOINTING 


Plates may be connected together by electric 
arc welding in a variety of ways, and the 
operator by practice will soon learn which type 
of joint to apply to a particular class of work 
so as to obtain the best result. 
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Forms of joints are shown in Figs. 9g, 10, 
and 11. 

Joint for Thin Plates. No. 1 is suitable for 
%in. or thinner plates. In this it will be seen 

the ends are left slightly open to allow for the 
deposited metal to be completely fused to the 
walls through the full thickness. 

Joint for Medium-thickness Plates. No. 2 
shows the single vee joint, which is suitable for 
plates from }in. to ?in. 

Joint for Thick Plates. No. 3 is the double 
vee joint for plates thicker than Zin. The 
edge of the plates may be prepared by either 
grinding or cutting away by other means. With 
a double vee it is, of course, necessary that the 
joints should be welded from both sides. 

Welding a Cracked Plate. Nos. 4 and 4(a) show 
the preparation of a joint for welding a cracked 
plate. Where possible, the joint may be 
machined or drilled out as is most convenient, 
the point of the drill just penetrating the bot- 
tom of the crack, the division pieces in between 
being removed with a cross-cut chisel. This 
method of preparation is suitable for cast-iron 
work, especially if there is any danger of the 
crack extending. 

Simple Lap Joint. No. 5 illustrates the form 
of the simple lap joint on which no preparation 
is needed, the end of one plate being welded 
on to the flat of the other. In connection with 
this joint, great care must be taken that the 
plate is not thinned by too much fusion at the 
edge of the filling, as this may result in pitting 

and cause considerable weakening of the plate. 

Joggled Lap Joint. No. 6 is a joggled lap 
joint, which may be used when it is necessary 
to have one side of the joint perfectly flush with 
the plate surface. It will be noticed that it is 
necessary to chamfer the edge of one plate only. 

Joints for Tank Work. No. 7 is a type of 
joint which may be used in fastening bottom 
plates for tank or drum work. This joint may 
be welded on the outer edges alone, which is 
generally sufficient, but if required and is get- 
at-able on the inner side, as indicated by the 
dotted curved line. 

No. 8 shows the simple method of forming a 
right-angle vee corner joint without the plates 
being prepared. This makes a simple and quite 
good connection for tank construction or for 
boxes. In the making of this joint, it is neces- 
sary to have a knee-plate fixed or some other 
method for holding the plates in position. 

No. g shows the construction of a joggled 
joint with cover strap. This method of joint- 


1299 


ing, which is rather unusual, gives no increased 
strength above that of No. 6; its chief advan- 
tage, however, is that it adds considerable 
stiffness to the plate and can be used in con- 
nection with welded ship construction. 

No. ro is an-ordinary butt and strap joint, 
which can be still further stiffened by making 
a 60° vee where the plates butt together. This 
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is, of course, a less costly joint to make than 
No. 9, but has not quite the same stiffness. 

Extra Stiff Joints. Where considerable lateral 
stiffness is required, the method of construction 
shown by No. 11 can be adopted. Whilst it is 
necessary to weld the two plates together at 
the vee throughout the whole length the angle 
iron may be"attached by tacking at intervals of 
about 4in. to 6in. This method of jointing 
simply takes the place of a riveted stiffener. 

No. 12 shows a method of securing an angle 
bar to a plate to form a tee section, in case it is 
impossible to obtain the required size of tee 
iron to carry out the particular job. 

No. 13 shows another method of forming a 
tee section. 

No. 14 shows how two flat bars may be joined 
to form an angle. 

No. 15 shows how two angle iron bars may 
be joined to form a tee section. 
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No. 16 illustrates how two plates may be 
jointed at right angles and reinforced with an 
angle bar. 

Nos. 17 and 18 show methods that can be 
adopted respectively for welding the tops and 
bottoms of closed tanks. 

No. 19 shows how plates can be welded 
together at any desired angle. 

No. 20 is the 60° vee method which can be 
used for the side seams of a tank. 
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No. 21 shows a flat side seam for a tank 
where extra stiffness is required. 

No. 22 shows a butt seam for a cylindrical 
tank, together with curved cover plate. 

No. 23 shows how the two ends of a round 
bar may be jointed. The ends of the bars 
should be ground to chisel edges and not with 
conical ends, as with the latter great difficulty 
will be experienced in depositing the metal, this 
running around the joint and simply sticking 
on instead of being welded. 

Pipe Joints. No. 24 shows the kind of joint 
which can be used for pipe work. In this the 
vee can be made about 60°, but when the plate 
is more than #in. thick the method shown in 
No. 4 joint can be used with advantage. 

No. 25 is the method that is commonly used 
when welding together the ends of two pipes. 
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No. 26 illustrates how a branch pipe can be 
welded on to a main pipe to form a tee, the 
joint in this being reinforced according to the 
pressure the pipe is required to stand. 

No. 27 shows how two pipes can be jointed 
together to form a right angle elbow. 

No. 28 shows the methed by which a pipe 
can be sawn so that the two parts can be joined 
together to form an elbow of any required angle. 
Thus, if a branch is required to be 130°, as 
shown in No. 29, it will be necessary to saw 


the pipe ‘off at an angle of one-half the 130°, 


that is, 65°, as shown in No. 28. In joining the 
two arms are simply reversed, the two 65° 
angles together making up the bend of 130°. 

No. 30 illustrates the way in which flanges of 
any thickness can be welded on to the ends 
of pipes. 


SETTING Up Work 


One of the most difficult things to do in 
welding is to produce work that will be abso- 
lutely correct both in size, shape, and bevel ; 
and to attain anything like a degree of accuracy, 
it is necessary to set the work up carefully and 
tack it every few inches before proceeding to 
carry out the main welding operation. 

Where the longitudinal seam of a cylindrical 
article is to be welded, it is generally a good 
plan to drive a wedge into the joint at the 
farthest end and commence welding at the 
other end. This opening of the joint at one 
end will allow for contraction to take place 
without distortion, if the wedge be removed at 
the right time. 

Another plan sometimes adopted in the case 
of heavy work is to have an assistant to keep 
the joint open with a bar as the welding pro- 
ceeds along, thus putting the edge of the plate 
in tension, which will balance the strain set up 
by contraction. 


MOVEMENT OF THE ELECTRIC ARC 


There are several kinds of movements of the 
electrode which can be used in connection with 
welding, and a good deal of practice is required 
before the operator obtains the skill which 
enables him just to have that exact “ touch” 
which is necessary to carry out all kinds of work 
in the best possible manner. The various move- 
ments of the arc which can be applied to 
different classes of work are illustrated in 
Fig. 12. 

A. This shows the half-circular movement 
which can be used on thin sheet ‘and also for 
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filling holes in thin metal. The speed of travel 
will be roughly inversely proportional to the 
thickness of the metal. 

B and C. These diagrams illustrate the 
circular movement. Great care must be taken 
to avoid the bottling up of slag, and in the case 
of heavily coated electrodes it is not advisable 
to adopt this movement on account of possible 
slag inclusions. 

D. This, as will be seen from the Fig.\ 12, is 
a pendulum-like movement which, in practice, 
gives good results. This method can be adopted 
when heavily coated rods are used, as the slag 
can be kept separate from the molten metal. 

E. This movement, which it will be seen 
follows the form of three sides of a square, is a 
good one for saving the edges of the parent 
metal from being unduly melted away. It is 
also a good movement for welding cast iron 
with special coated rods, as it gives the move- 
ment required to puddle the added metal, 
which is essential for good welding. 

fF’. This, as will be seen from the sketch, is a 
half-circular movement with a greater forward 
travel than that shown by D. 

No. 1 and No. 2 (Fig. 12) show end views of 
the wrong and right methods of depositing 
metal. No. 1 shows two runs with the wrong 
method, and it will be noticed there is a space 
between the two runs which is not properly 
filled. No. 2 shows the correct method to 
adopt. After the first run is deposited, the 
centre of the second run should be made to 
come on the edge of the first run, then the 
centre of the third run arranged to come on 
the edge of the second run, in this way the full 
width of the deposit being made up. 


PERPENDICULAR WELDING 


In vertical welding it is generally a good plan 
to commence with the bottom run first, then 
the second, and so on until the part required 
to be done has been filled. The direction of 
travel can be chosen from G, H, or J (Fig. 12). 
If only a small amount of deposited metal is 
required, the method of movement shown by 
diagram G should be adopted; but if a large 
amount is required, then either of the move- 
ments H or J will probably be found more 
suitable. 

It is important not only to have the correct 
current, but also to let the flow of the deposited 
metal control the speed of travel. Regularity 
in movement is essential if the metal is to be 
deposited evenly. It is hardly necessary to 
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add that a fair amount of practice is required 
for a welder to become expert in vertical work. 


OVERHEAD WELDING 


Overhead welding is, of course, much more 
difficult than either horizontal or perpendicular 
work, and requires a good deal of thought and 
consideration. As the metal on the end of the 
electrode becomes molten, it, of course, tends 
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to fall away, and this makes the process much 
more difficult and longer. However, it is sur- 
prising how a good welder can overcome these 
difficulties and succeed in projecting the metal 
so as to obtain an overhead deposit. 

The current required is usually a little higher 
than that ordinarily used, and special electrodes 
are sold which are particularly suitable for 
overhead work. 

The face and hands must be well protected, 
and a covering used to safeguard the clothing 
when working in this awkward position. 

As would be expected, it is a good plan to 
have the greatest heat at the centre of the vee, 
as capillary attraction will then have a better 
chance to operate and attract the metal to the 
surface to be welded. 

Nearly every welder will have his own method 
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of carrying out overhead work, and use that 
movement which he finds will give the best 
result; but as a little guidance, the three 
diagrams shown on Fig. 12 should be studied. 

J. This shows the heat first in the centre, 
round one side, and back to the centre again 
before the movement is made to the opposite 
side of the vee. 

K. Shows the heat in the centre, then a 
complete swing round. 

L. Shows the movement which will give the 
greatest heat in the centre of the vee. The 
point of the electrode should be held almost at 
right angles to the work and, when the deposit 
has once started, adjustment made as required 
to suit the progress. It should always be kept 
in mind that the deposited metal will always 
tend to follow the liquid metal previously 
deposited. In other words, the molten metal 
will follow the arc. 

It need hardly be said that a large amount of 
practice is essential if good overhead work is to 
be done, and experiments should be made on 
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specimens of work that are of no particular 
value. 


METAL CUTTING 


Metal can be cut with a metallic arc, but the 
operation is quite different to that of the oxy- 
acetylene blow-pipe. In the case of the blow- 
pipe, the metal is oxidized away ; whereas with 
the metallic arc, the only way by which cutting 
can take place is by actual melting. The use 
of a coated rod is preferable, because this 
increases the temperature of the arc. The 
travel is usually the opposite way to that for 
blow-pipe cutting. 

Diagrams M, N, and O (Fig. 12) show three 
different motions of the electrode forcutting. 

The zigzag motion should be applied as 
shown by diagrams, the method adopted being 
according to the size of cut and thickness of 
material. But, after a little practice, each 
operator will find out the movement which will 
give the best result for the particular job he is 
undertaking. 


By E. W. Workman, B.Sc., A.M.I E.E., Ete. 


LESSON XI 
THE COST DEPARTMENT 


General Organization. The place of the cost 
department in the scheme of organization 
varies greatly in different factories. In general, 
it is in charge of a “‘ Works Accountant,’’ who 
is responsible to the financial head of the busi- 
ness. Very often the cost department will 
include in its organization the time-keeping 
department, which is responsible for the calcu- 
lation of wages, and the statistical department, 
responsible for the compilation of the con- 
trolling records. In an engineering factory 
where complicated piecework prices are paid 
for labour, the size of the department may be 


considerable—with corresponding possibilities 
for economy by means of good organization. 

Objects of Cost Department. In a broadly- 
organized factory, the following may be said 
to be the main objects of a cost department— 

1. To compile reliable records of what it has 
cost to make each article manufactured in order 
to provide a basis for fixing selling prices. 

2. To examine past records critically in order 
to give the management information which will 
enable future policy to be decided in the most 
profitable way. 

3. To provide statistical information which 
will cause waste of all descriptions to be reduced 
or eliminated. 

4. To link up generally the work of the other 
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departments with the actual manufacturing, and 
act as a bureau of information. 

Care must always be taken that the records 
kept in the cost department do not duplicate 
those kept in other departments, unless this is 
absolutely unavoidable. 

What an Article Costs. The total cost of an 
article is made up of a number of factors, each 
of which requires very different treatment. 
These are as follows— 

1. The Material Cost. This consists of the 
price paid for all the raw material in an article, 
together with the value of any parts bought 
outside complete. The proportion which the 
value of the material is to the whole cost 
naturally varies very much according to the 
nature of the product, but it may be said that 
it averages about go per cent in general machine 
work. In special cases, such as the moulding 
of castings, it will be very high, and in other 
cases where there is much complicated machine 
or fitting work it will be very much lower. 

2. The Labour Cost. This consists’ of the 
wages paid to the employees for actually manu- 
facturing the finished articles. It should be 
noted that the wages paid for making a part 
which has been manufactured with others in 
bulk really form part of the labour cost of the 
assembled article. In many cases the whole 
cost of manufacturing such a part (including 
the labour cost thereof) is included in the 
material cost, because of clerical difficulties in 
recording the labour incurred in making stock 
parts. 

3. The Cost of Overhead Charges. The re- 


_ mainder of the total cost of an article consists 


of a proportion of all the varying general and 
particular expenses incurred in a factory and 
which cannot be conveniently charged direct to 
the article. Such expenses include rent, rates, 
insurance, power, light, heat, transport, depre- 
ciation, repairs, small tools, and the wages of 
indirect workers, such as firemen, inspectors, 
foremen, engineering staff, storekeepers, time 
clerks, and so on. In addition, there are many 
other charges, such as advertising, interest, and 
general selling expenses that have to be taken 
care of. 

It will usually be found that the best organiza- 
tion of the cost department provides different 
sections to deal with each of these divisions of 
total cost, together with another section to 
co-ordinate the work of the other sections and 
compile the cost of the individual articles. In 
addition, there may be a separate section to 
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deal with the many varieties of office machinery 
that it will probably be found advisable to 
install. 

Sources of Information. A definite stream 
of information flows into the cost department 
to form the basis of the work which has to be 
done. In the case of material, a copy of all 
requisitions for material issued from stores 
should be sent to the cost department together 
with credit notes for any material returned to 
stores as not required. If not already priced 
by the stores department, these requisitions 
will require valuation according to the pur- 
chase price paid for the material. To ensure 
that the material cost is complete, it will be 
necessary to compare these requisitions with a 
detailed specification of the apparatus, a copy 
of which should be sent to the department when 
work is first commenced. This check is also 
necessary to exclude the possibility of duplicate 
parts being charged to the cost, due to scrapping 
of defective work. The cost of such defective 
parts should be charged to a separate account, 
so that the cost of different articles may be 
strictly comparable irrespective of special faulty 
conditions. By charging to separate accounts 
all defective work and material, these sources 
of loss are far more under control and not so 
likely to be lost sight of. 

In the case of labour, the source of information 
is the job tickets described in the next lesson. 

The total amounts of the overhead charges 
are obtained from the analysis of the actual 
amounts paid out, together with an estimate of 
payments outstanding. The proportioning of 
these overhead expenses to the different articles 
manufactured is a difficult and important 
matter, which has to be done with the greatest 
of care by one of several available methods. 

Office Machinery. Probably in no other 
description of work can office machinery be put 
to such good use as in the cost department. 
Without the efficient use of office machinery 
it will often be impossible to obtain accurate 
costs without having an excessively large 
staff—with a correspondingly excessive over- 
head expense. At the same time, the use of 
office machinery in the cost department calls for 
the display of considerable organizing ability 
on the part of those responsible for its efficient 
use. The principal types of office machines and 
appliances which are commonly used in connec- 
tion with costing work are as follows— 

1. Adding and calculating machines. 

2. Duplicating machines. 
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3. Addressing machines. 

4. Numbering and dating machines. 
5. Sorting and tabulating machines. 
6. Time recorders. 


The use of some of these machines applies 
more to the wages section than to the rest of 
the cost department, as for example, the time 
recorders and the addressing machines (used for 
the preparation of pay-rolls, pay packets, 
insurance cards, etc.). 

In a large factory where a system of auto- 
matic sorting and tabulating is in use, the 
apparatus used is intricate, and the influence of 
the system is much more apparent in the general 
organization of the works. To get the greatest 
efficiency out of such an automatic system, it 
is important that the whole of the records and 
forms which affect the cost department in any 
way should be designed together with the 
special limitations of the machinery used kept 
ever in view. The detailed arrangement of the 
original documents—which in such a system 
have to be semi-automatically copied on to 
standard cards—will make or mar the success 
of the system. The other necessity is that of 
obtaining correct information on the original 
documents emanating from the shops. 

Advantages of Automatic Sorting and Tabu- 
lating. In thinking of the clerical organization 
of the cost department in a large factory it 
must be remembered that, literally, millions of 
different documents may have to pass through 
the department in the course of a year. In such 
cases the advantages of an automatic system of 
sorting and tabulating are claimed to be— 


1. The greatly increased speed with which 
returns and statistics can be compiled. 

2. The increased amount of statistical in- 
formation which is readily obtainable by 
rapidly re-sorting the card records into different 
classifications. 

3. The elimination of hand-sorting and tabu- 
lation from the work of the clerical staff, with 
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consequent increased attention to critical and 
constructive work. 

4. A considerable saving of overhead charges 
as regards the item of office expenses for an 
equivalent amount of statistical information 
produced. 

Information Given Out. It is the duty of 
the statistical section of the cost department to 
collect and issue to those concerned tabulated 
statements of all the activities of the factory. 
These statements should be prepared with a view 
to assisting the management to— 

1. Find out what processes of manufacture 
are costly or inefficient. 

2. Appreciate in what ways overhead expenses 
may be reduced. 

3. Discover new and better methods of manu- 
facture. : 

4. Know where time is being lost and material 
wasted, and thus find out how production may 
be speeded up. 

5. Keep the factory full of work by selling at 
intelligent prices with a known margin of profit. 

Returns Made. With the above objects in 
view, some of the returns which may be issued 
by the cost department are as follows— 

1. Labour statistics, giving a comparative 
departmental analysis of the different pay-rolls. 

2. Analysis of time spent in work by different 
classes of machinery, thus showing the distribu- 
tion of the load. : 

3. Departmental analysis of the stores issued. 

4. Analysis of the production of each depart- 
ment. 

5. Analysis of the expenses incurred, due to 
defective design, defective materials purchased, 
or bad workmanship. 

6. Comparative statements of departmental 
expenses. 

7. Summary of the actual costs of articles 
manufactured, compared with the estimates 
prepared before manufacture. 

8. Detailed analyses of the cost of selected 
articles. E 
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MATHEMATICS FOR ENGINEERS 


By W. G. Bickiey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXVII 
SINES AND COSINES 


In the lessons on trigonometry, we worked 
examples upon the displacement of a piston at 
various points of the stroke, in terms of the 
angle turned through by the crank, and of 
necessity employed sines and cosines of this 
angle. In practice, we are quite as much, if 
not more, interested in the piston speed and 
acceleration, and to find this we shall need to 
be able to differentiate the formula for the 
displacement, containing sines and cosines. 
Also, any case of oscillatory motion, and the 
study of alternating electric currents, will 
require the same mathematics, i.e. the differ- 
entiation of sines and cosines. 
The fundamental formulae can be obtained 
either geometrically or analytically, and we 
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shall give both methods. First, in dealing with 
sines and cosines, it is convenient to use a 
circle of unit radius, for if P is any point on 
such a circle (Fig. rr0), and PM is perpendicular 
_to OA, then 
PM = sin @ and OM = cos 0, 


6 being the angle POA. Also, if Q is another 
point on the circle near P, such that the angle 
POQ is 66 and QN is perpendicular to O4, 
_we shall have 
QN = sin (6 + 66) and ON = cos (6 + 66) 
Thus the increase in the sine, or 6 (sin @), is 
QN-— PM, or drawing PK perpendicular to 
ON, — 
6 (sin 6) = OK. 


83—(5462) 


Again, since arc = radius x angle (in radians), 
and our radius is unit, 


arc. PO = 2 <x 00 = dé. 


6 (sin 6) OK 
OG. "wate PO 


But when 60 is a small angle (and we are 
going to make it tend to zero) the arc PQ and 
the chord PQ will be very nearly equal, and 
the smaller the angle, the nearer to 1 will their 


Thus, 


ratio be. Thus 
6 (sin 8) OK 
O02 = chord-Po. °°S POs 


From the figure, it can be seen that the angle 
PQK is very nearly equal to 0, and that it 
tends to become more nearly equal to 6 as 60 
becomes smaller. (Actually, the angle PQK is 
6 + $060.) Using this, and proceeding to the 
limit as 66-0, we have, finally, the result 
sought, 


or, the differential coefficient of a sine is a 
cosine (the angle being in radians). 

Dealing with the cosine in the same way, we 
have the increase of the cosine equal to ON - 
OM =— NM = - PK, so that 


6 (cos 6) PK 
Come cae 1) 


ie 
~ ~ chord PQ 
= = sin POK, 
and, proceeding to the limit as 66 > 0, 


d (cos 6) ’ 
ar ea = —sin 0 


or, the differential coefficient of a cosine is minus 
a sine. 
Analytically, 
6 (sin 6) = sin (0 + 66) — sin 8 
= 2 cos (6 + 466) sin 466, 


so 
6 (sin) 6) 2 cos (8 + 466) sin 460 
Dore = 6.0 
sin 460 
= cos (6 + 460) 130 
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in 400 
Now as 60 tends to zero, the ratio a5 tends 
to z, and cos (6 + 466) tends to cos 0, so we again 
deduce 
d (sin 6 
- — cosy 

The analytical proof of the formula for the 
differential coefficient of the cosine is left as 
an exercise. 

Applications. 1. Knowing the sine and cosine 
of 45° (each is 41/2 or 0-7071), find approximately 
the values of s7m 46° and cos 46°. 

Taking the sine first, if y = sin 8, we know 
that y = 0-7071 when 6 = 45°. Also, we have 


d 
by = 5, 00 = cos 0. 60 


(by the differentiation 


formula just proved). Now 066 is 1°, but this 
must be in radians before it is used in the 


formula, and 1° = 7/180 radians. Therefore, 
7 
6y = cos@.60=0-7071 X 780 = 070123. 


Consequently, 
sin 46° = 0:7071 + 0:0123 = 0-7194. 
(Tables give 0-7193 ; had we used the average 


a 
value of a or cos @, i.e. cos 45° 30’, our result 
would have been better.) 


d 
Similarly, if z= cos'0, 6z = a 60 =— sin 


6.60 =-—0-707I X = — 00123, and so 


T 
180 
cos 46° = 0°707I — 0:0123 = 0°6948 (approx.). 
Connected Rates of Change. The simplest 
(and fundamental) case of oscillatory motion is 
that termed Simple Harmonic Motion (S.H.M., 
as it is often abbreviated). It is usually defined 
as the projection of a uniform circular motion, 
ie. if P in Fig. 111 describes the circle with 
uniform speed, and Q is the projection of P on 
the diameter, then the motion of Q is simple 
harmonic. If s denotes the displacement of Q 
from the centre O, and @ is the angle POA, we 
have 
Si COSI0) 
y being the radius. Now, if w is the angular 
velocity of P, we must have, with ¢ representing 
time, 6 = wt, and so 
S=r7 cos wt. 


To find the velocity and acceleration of Q we 
have to differentiate this with respect to ¢. 
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We have here three quantities to consider, s, 6, 
ds 
and ¢, and require first the velocity ii: We also 


know the angular velocity, which is represented 


dO , ds 
by i’ and is equal to w. We can also find rT; 


by our rule for differentiating a cosine—it is 
—rv sin 6. We require a relation between these 
three differential coefficients—or rates of 


d 
change—to enable us to find _ from the known 


ds dO ! : 
values of 76 and a’ and this connection between 


three rates of change has other uses. 
Follow the motion for a small interval of 


time df. During this interval, the angle will 
p 
x A 
Fie, III 


increase by 60, and Q will move a distance ds. 
Now by the usual formula for small increments, 
we have 

neds 
S= 76: 
Now divide through by 6¢ (to find the value of 


) 60 


ds 
ai’ of course) and we have 


ds _ ds 90 

6t ° dO ot 
As 6t—> 0, this becomes more and more exact, 
and finally, in the limit, 


ds d0 
We can now use the values of qo and ae and 


find 


ds ; pi. 
= =-r7sin®d X wo =-ar sin wt. 
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It will be noticed that we have in this the 
result that 


ii (cos wt) =- w sin at 


By the same method, if y = sin wt, we shall 
have, putting wt = 6, and consequently ye 
sin 6, 

dy a0 

rn =a =cos9@X w=acos at 


or 
di (sin wt) = w cos wt 


Consequently, if a denote the acceleration in 
the simple harmonic motion, 


ie 
a= = BK ersin wt) 


Noticing that 7 cos wt = s, we have the most 
important feature of simple harmonic motion, 
namely that 


= -— wr cos wt 


a=-o’s, 


or, in words, the acceleration is proportional to 
the displacement. For further treatment of 
simple harmonic motion, see the articles on 
Applied Mechanics and Balancing of Engines. 

Applications (contd.). Another instance where 
we need to be able to differentiate sines and 
cosines is to follow the speed and acceleration 
in the delivery pipe of a reciprocating pump. 

A pump has a cylinder diameter of gin., a 
stroke of 18in., and it runs at 30r.p.m. Find 
the speed and acceleration in the delivery pipe, 


_ if this is 3 in. in diameter and 4o ft. long, and 


_ mid-point of the stroke is 9 cos mt in. 


also the piston pressure necessary to accelerate 
the water in the pipe. 

Here, taking the motion of the piston as 
simple harmonic, the displacement s from the 
(The 


_ amplitude is half the stroke, or gin., and the 


_ angular velocity is 7 radians/sec.) 


\ 


If we work 
in feet, we shall have 


s = 2 cos nt ft. 


StS te 

The piston velocity is here — i (minus, because 

it is, at the commencement of the stroke, in 
the opposite direction to s). Thus, 
v= + 3 7 sin at ft. /sec. 

If V is the corresponding velocity of the water 


--in the delivery pipe, the velocities will be 
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inversely proportional to the areas of pipe and 
cylinder cross-sections, i.e. 


2 
ls oa 
so that 
C= 9 X 2am sin at 
= 21:3 sin at ft./sec. 
The acceleration of the water in the pipe is 


aV 
re and so 


ot ie = 21°37 Cos at 


= 67:9 cos at ft./sec.?. 


The pressure to accelerate a column of water 
1 ft. long is lwa/g, w being the density (62-4 lb./ 
cub. ft.), so that here 


40 X 62:4 xX 67-9 
pe B22 


P max = 5260 Ib./sq. ft. = 36-6 Ib./sq. in. 


(We have taken rather a small pipe diameter, 
and so get a high pressure ; the pressure becomes 
negative at the end of the stroke, and cavita- 
tion would be likely to occur.) There is also, 
in practice, friction loss to be taken into account, 
depending upon the square of the speed. This 
varies during the stroke, and to find its total 
amount we must integrate ; for this see the next 
lesson. 

Crank-slider Mechanism. In dealing with 
reciprocating engines, the motion of the piston 


cos at 


Fic, 112 


is of great importance. In Fig. 112, AB is the 
crank, BC the connecting rod, C the crosshead. 
The motion of the piston is the same as that of 
the crosshead, and if DE is the stroke of the 
crosshead, O being its mid-point, we have AO 
= 1, 1 being the length of the connecting rod. 
Measuring the displacement of C from the mid- 
point of its stroke, and denoting it by s, we have 
s= AC-AO= AC-i. 
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Calling the length of the crank 7, /B AC 0, and 
/BCA ¢, 
AC= AN+ NC=rcos6 + leosd 


But BN=rsm0 =Ilsm¢ 
r 
or sin @ = = sin 0 
y 
Consequently cos hb = of: -R sin? 6 
—— 
=I-tp smo-... 


by the binomial theorem, the other terms being 
if 
small when jis—it y is 2, and it is seldom so 


great, the error is I in 650 approx., at the worst 
point, when sin 6 =1; the approximation is 


<---—-- Hayy ----- > 
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quite good enough for any practical case. 
Remembering that sin?0 = } (1 —cos 26), 
we have 


1 ifs 
cos fp = 1-4 me + ¢ Ze COS 20. ue 
Using this value of cos 4, we find 
s=rcos#+lcos¢-I 
ie Te 
=r cos 9 + £7 60s 20-47 
_ as ; dO 
The speed is a? and, since qi: the angular 


velocity of the crank, 
ds ds do ds 
di di dt © GB 


sla 
=-orsin 0-20 x } T sin 20 


1,€. v =-—or(sin6+ 4 4 sin 20) 


d 
(Notice that 710 (cos 20) =-—2 sin 20, by the 


same rule.) The second term in brackets gives 
the effect of the obliquity of the connecting rod, 
which makes the actual motion deviate from 
simple harmonic. To find the acceleration, we 
have to differentiate again. In the same way, 
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dv dv d 
a= F = © Gp and so 


a =-—o’r (cos 0 + 5 cos 26). 


In this we see that the “ obliquity ”’ term is 
twice as important in the acceleration formula 
as it is in the velocity formula. The student 
should plot graphs showing s, v, and a, for 
various values of the ratio 7/1 (say, 4, 4, 4,.. .) 
and see the effect of the connecting rod. 

Maxima and Minima. A strip of metal 
24in. wide is to be bent into a trapezoidal 
channel section, the base being Io in. wide and 
each side 7in. Find the angle at which the 
sides should slope for maximum sectional 
area. 

Calling the angle 6 (Fig. 113), it will be found 
that the area is 

A=7 sm 0 (10+ 7 cos 0) =70sin 0+ 


24'5 sin 20. (sin 0 cos 0=4 sim 20). For a 
: d dA 
maximum, we must have re 0, so, Ti] 


= 70 cos 8 + 49 cos 20 = o. 
Putting cos 20 = 2 cos?@ — 1, and re-arranging, 


98 cos?@ + 70 cos 9-49 = 0, 
a quadratic equation for cos 6, giving, when 
solved, 
cos 8 = 0:4350 or — I'1493. 

The first gives 6 = 64° 13’, and the second is 
impossible. 

Solution of Equations. If we wish to divide 
a circle into three portions of equal area by two 
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parallel chords (Fig. 114), we shall find that, 
calling the angle AOC 6, 


6+ sin 6 = tn. 
An approximation to this is 0 = 7/6, and to 
get a better, put y = 6 + sin 0-142. When 0 
= 17/6 (= 30°), we have : 
¥Y = 0°5236 + 0-5000 — 1:0472 = — 0:0236, 
therefore dy = + 0:0236., 


(Continued on page 1312) 
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APPLIED MECHANICS 


By Gro. W. Birp, Wu. Ex., B.Sc., A.M.I.Mrcu.E., A.M.I1.E.E. 


LESSON XXIII 
MECHANICS OF FLUIDS 


Frum. A substance which offers very little 
resistance to forces tending to change its shape, 
and which takes the shape of the body with 
which it is in contact is termed a Fluid. All the 
fluids with which the engineer is called upon to 
deal—water, oil, air, and other gases—offer 
some little resistance to deformation, and this 
deformation, when it consists of a sliding of 
one part of the fluid over another (just as we 
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imagine shearing to take place in metals), is 
termed Viscosity. , 

Let us suppose that we have a quantity of 
fluid in motion, and let us imagine two planes 
AA and BB which are parallel to the direc- 
tion of flow and at a distance apart 6x, Fig. 144. 
The law of viscous force can be stated as 


Viscous force oc a 2 

5 
that is, the tangential force on any plane is 
proportional to the change of velocity and 
inversely proportional to the distance between 
the planes considered ; 


‘ dv 
or, Viscous force = Bx? 


pis termed the coefficient of viscosity. 

Density. The density of a body is stated 
as the mass per unit volume, and for water at 
4° C. (the temperature of maximum density) is 
about 624 lb. per cub. ft. 


PRESSURE AT ANY DEPTH 
Consider any area a whose centroid is at a 


__ depth / below the free surface of the fluid, 


Fig. 145. We may consider that this area a is 
supporting the column of water immediately 
_ above it, and hence is subjected to a load = 


a X h X w, where w = weight per unit volume 
of the fluid; the pressure per unit area is, 
therefore, wh. 


TOTAL PRESSURE ON AN IMMERSED 
SURFACE 


Let us consider any area ABC which may 
have any inclination as shown in Fig. 146. On 
any elementary area 6a, situated at a vertical 


Free surface 


S—~ of Fluid 


rf 


depth x below the free surface of the liquid, the 
intensity of pressure = w x x, and the total 
thrust on this area=w x x x da. The sum 
of all such elementary thrusts will equal the 
total thrust or pressure on the whole area, or, 
total pressure on whole area = Léa X x X w. 
But, 26a x * is equal to the whole area 
(A) x G, the distance of the centroid of the 


Free surface Free surface 
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area below the free surface, hence the total 
pressure on an immersed area 


=A) GX): 
RELATION BETWEEN HEAD OF WATER 
AND PRESSURE 


Let us now consider the fluid water and 
obtain a relation between the head at any depth 
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and the corresponding pressure. Take a box of 
the form and dimensions shown in Fig. 147 and 
fill it with water. The total load on the base 
AB C.D) sritt) Sr tte 2-3 ta O2-5 illo mper 
cub. ft. 

ABCD = 144 |b. (approx.) 

and, as the area of the base ABCD which 
supports this load is 1 sq. ft. = 144 sq. in., we 


see that every 2:3 ft. head of water 1s. approxt- 
mately, equivalent to a pressure difference of i lb. 
per sq. in. 

If the fluid is other than water, then the head 
required to produce unit (zr lb. per sq. in.) pres- 


2: : ; 
sure difference = a ft., where p is the specific 


gravity of the fluid. 

ExampLe. A hollow cone, diameter of base 
Io in., height 12 in., is filled with water. Deter- 
mine the total thrust on the base when the axis 
of the cone is (1) horizontal, (2) vertical, the 
cone resting on its base. 

Case 1. Total thrust = area of base x depth 
of centroid of base below the free surface of the 
water < weight of unit volume of water, 


aa d 62°5 
or, total thrust = a ws x 1728 
total thrust = 14:2 lb. 


Case 2. 


a 62: 
Total thrust = = x height of cone x a 


or, total thrust = 34:08 lb. 


CENTRE OF PRESSURE 


Since the intensity of fluid pressure varies 
with the depth below the free surface of the 
fluid, when we consider an immersed area which 
may be inclined at any angle @ to the vertical, 
we find that the intensity of pressure is not 
uniform, and we now require to find that single 
point at which we may consider the whole 


ENGINEERING EDUCATOR 


fluid thrust to act; this point is termed the 
centre of pressure. 

Let E, Fig. 148, be the centroid of any plane 
surface which is exposed to fluid pressure, and 
let 6 be the inclination of the surface ABC to 
the vertical. Consider any element of area da 


Free surface 


at a distance x from the free surface, x being 
measured along the plane of ABC. The fluid 
thrust on this element of area 


= da X xcos 6) xX w : ss) 
The moment of this force about the line DD 
= da X *cos 0 X w XxX % (2) 
and the sum of all such elementary moménts 
may be written 
» 0a. x?w . cos 0 , 2 48) 
= whole moment of fluid thrust about DD. 
Again, the whole fluid thrust on the surface 
ABC = T =area ABC-% ED, Cos fe 
(acting at P, the centre of pressure) and the 
moment of this force about DD 
= area ABC x E,D, cos 6 x w x 
PD, : ; 
We can now equate (3) = 
& 0a. x? x wcos 6 
= area ABC x E,D, cos 6 x w x 
PD, er (5) 
Now, 2’ 6a. x? = the second moment of area 
of ABC about DD, which is usually written 


Ip; hence by cancelling and substitution in 
(5) we have . 


PD, 


; (4) 
(4), 


I 5p (6) 
~ area of immersed surface x £,D, 


EXAMPLE. The section of a masonry dam 
used to retain the water of a reservoir is shown 
in Fig. 149. Determine the water thrusts 7), 
T,, and Ts; per foot length of wall, and the 
positions of the centres of pressure. P,, P,, and 
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P, in each case. 
CD20 it: 
By calculation we find BG = 15 ft. sec. 15° 
== 159520) tt. 
FK = (GB + BC) cos 15° = 29-488 ft. 
CH — FE sec. 30° = 30-05 ft. 
Area FB 


Tele; = a0 anes, VEG can eae 


ag 
ie 15 <7 SX “ X 62:5 = 7031 lb. 


Fin -4 FP = xo ft. 
Area BC 
tee 5 I X 22:244 X 62°5 = 20,854 Ib. 
PEG = ta 
area of BC x NG 
PG [3 XI X (7-5)3] + (15 X I X (23°029)?] 
tat I5 X 23:029 
Oly BeG = 23°85 it. 
Area CD 


tee 20 X I X 38:148 X 62°5, = 47,685 lb. 
vee 
— area CD x HO 
2 3 A 2 
pe XTX (20)") + (20 x (44:05) 
20 X 44:05 
or, HP, = 44:806 ft. 
Fiurps 1n Motion 


We may consider the flow of a perfect fluid 
along a channel as consisting of a procession of 


H F Free surface of water 


Fic. 149 


particles, every one of which follows exactly the 
path of its predecessor and takes the place of 
the preceding particle under identical conditions 


1311 


of velocity, pressure, and density. Such motion 
is termed steady motion, and the path followed 
by any one particle with its stream of successors 
is termed a stream line. 

Steam line motion is a condition of flow which 
requires certain conditions to be complied with, 
viz. (1) the fluid is a perfect fluid so that, at 
any point, the pressure is the same in all direc- 
tions, (2) an absence of all frictional resistances, 


Ane 
ia 


Fic. 150 


(3) an incompressible fluid, and (4) an invari- 
able velocity of any one point in the line of 
flow. 


BERNOULLI’S THEOREM 


This theorem is of the greatest importance 
since it renders invaluable assistance in the 
solution of problems of fluid flow, as well as 
having important practical applications. This 
theorem states that, on the assumptions involved 
in stream line flow, the swm of the energies, taken 
on a cross-section to the line of flow, zs constant. 
Now the energy stored in unit mass of water 
may be in either or all of three forms, viz. 
pressure, potential, and kinetic, and Bernoulli's 
theorem can be expressed as 


ha 
w 
Where, employing the usual units, 
p = pressure in lb. per sq. ft. 
Ib. per cub. ft. of water. 
height in ft. above datum level. 
velocity of water in ft. per sec. 
£ = 32-2 it.-sec.?. 

The work available per Ib. of fluid due to the 
pressure head can be determined as follows. 
Imagine a frictionless piston of cross-sectional 
area A filling a cylinder, Fig. 150, and acted upon 
by a fluid at a pressure p; let the stroke of the 
piston = L, so that the volume displaced by 
the piston = A x L = volume occupied by 


y2 
+h+ 2a = constant. 


ese 
ll Wl Ih 


Fifer thedinid'= * cub. ft. Then, the work 


done by the fluid upon the piston 
=p AX L 


=px= (since 4 x E =) (1) 
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and this quantity f is the work which 1 Ib. of 


the fluid is enabled to do because it is under a 
pressure of # lb. per sq. ft. 

The store of energy due to the position of 
I lb. of fluid is equal to that which it can per- 
form by changing its position 


hit. = 1b. x h ft. =h ft-lb. a 2) 


Conversely, if 1lb. of the fluid is raised h ft., 
then an expenditure of h ft.-Ib. of work becomes 
necessary. 
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When a body is in motion its store of hinetic 
; Wv? 
: (see Lesson XX), or, if W =r lb., 


energy = “2g 
then the work available due to the velocity of 
the water 


—— , ; ; ; ‘ als) 


The sum of (1), (2), and (3) then is constant 
when all losses are excluded, and we have 


p 2 


= +h+ = = constant. 
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(Continued from page 1308) | 


dy 
Also, i =1+ cos 6 =1-+ 0-866 = 1-866 
: dy 
and since 6y = 76 06 
0:0236 = 1:866 64 
0:0236 
whence 60 = Saas = 0-0126, 
so 6 = 0:5236 + 0-0126 = 05362 
radians 
== 301.49", 


EXERCISE No. 41 


1. Differentiate with respect to x— 
Sin 2% ; cos 3x; asinnx; 4 sin 5x—8 cos 5% 5 3Sin tx 
+ 5 cos fx. 

2. Ifs = 6 cos tot + } (1 —cos 20!) find formulae for 
ds a d?s 
ay 

3. The crank of an engine is 6 in. long, and the 
connecting rod is 27in. long. Find the piston speed 
and acceleration at 45°, 90°, and 135° from inner dead 
centre, the speed being 120 r.p.m. 

4. Find the angle at which the speed of the piston 
in (3) above is a maximum, and the maximum speed. 


5. Find the value of 6 which makes 4 cos 9 + 3 sin 8 
a maximum, and show that the maximum value of the 
expression is 5. 

6. CD is a chord parallel to the bounding diameter 
AB ofasemicircle, which divides the area into two equal 
parts. Show that, O being the centre, and /COA being 
denoted by 6, 26 + sin 26 = 4x, and find the value | 
of 6. E 

7. Starting from the approximation x = }r, to the 
root of the equation x = cos x, find a better approxima- 
tion. é 

j -B 

8. Show that tan A-tan B = “2\@—*) is ) 

cos A cos B 


by putting d = § + 66, and B = 6, deduce that the 
differential coefficient of tan 6 is sec26. 
9. Find the values of P and Q if y=P sin ¥ + 


and 


Q cos x makes bed + 35 sme 


ANSWERS TO EXERCISE No. 40 


. 201,000 cub. ft. 
- 100°5. 

- 245 cub. in. 

. 1,131 cub. in. 

- 345 lb.-ft.?. 


“SI URW N 


X= 2-4, y =1°5. 


- 


J 
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POWER TRANSMISSION BY CHAINS 


By H. M. ANDREW, WH.Ex. 


LESSON I 


CHARACTERISTICS OF 
CHAIN DRIVE 


CHAIN, as a driving medium, has a much wider 
field of application than is generally realized. 
Many engineers still think of power drive in 
terms of belts, ropes, and gearing, but in recent 
years driving chain has been coming more and 
more into prominence, and is now beginning to 
take its proper place as an intermediate form of 
transmission that combines the positive drive of 
gears with some measure of flexibility—not 
enough to allow of any slip; not enough to 
appreciably affect the positiveness of the drive ; 
but sufficient to absorb a shock or jar in the 
drive more slowly than gears. 

In the same space occupied by a pair of gear 
wheels it is generally possible to install a com- 
paratively fine pitch chain drive, with chain 
wheels nearly touching one another. Such a 
drive, at fairly high speed, has an exceptionally 
high efficiency, in the order of gg per cent or 
over, and this efficiency would probably fall no 
lower than 98 per cent throughout the life of 
the drive. The percentage pitch extension by 
wear, however, varies almost inversely as the 
centre distance of a chain drive and, with such 
a short centre distance, the useful life of the 
chain would be short in spite of its high mechan- 
ical efficiency, unless a third adjusting wheel was 
installed, or one shaft was movable. 

At the other extreme—in the same space 
occupied by a long horizontal belt or rope drive, 
‘a chain drive could be installed on large wheels 
‘that would also have a fairly high mechanical 
efficiency. But here again, although the indivi- 
dual pitch extension or wear would be small, the 
jong life of the chain could only be taken 
advantage of by periodic and regular adjust- 


‘ment, as even a small pitch extension would 


give enough total extension in a very long drive 
to cause the chain to lose its positive grip on the 
driver wheel. A chain is similar in action to a 
belt with very little internal friction and a 
positive grip. This small internal friction, 
while very efficient as regards power loss, has 
no “‘ damping ” effect to prevent flapping ; and 


a long chain drive, unless maintained in close 


adjustment, would in time tend to ride the 
teeth of the driver wheel. Another objection 
to long horizontal chain drives is the catenary 
pull caused by the weight of the chain between 
the wheels, particularly when close adjustment 
is maintained. 

Like belts and ropes, chain has centrifugal 
tension, possibility of flapping between wheels, 
and the necessity for periodic adjustment. 

UNLIKE these, it is a positive drive and has 
very little internal friction. 

While chain drive encroaches in this manner 
on the particular province of gears at one end 
of the scale and belts or ropes at the other 
extreme, its natural field is between the two, 
where the drive is from, say, 18 in. to 15 ft. 
centre distance for horizontal drives, up to, 
say, 30 ft. (with close adjustment) for vertical 
drives, and within this field it is an excellent 
method of transmission of very high and main- 
tained efficiency—if suitable conditions are 
provided. 

To explain what is meant by “suitable 
conditions ”’ it will be necessary to consider the 
method of use of driving chains, leaving the 
design and construction of these chains, to be 
explained fully in the next lesson. 

The Bearing Pressure at which chains work 
is considerably higher than it would be practic- 
able to employ with machine bearings, partly 
because the permissible rate of wear is higher, 
but mainly because the average time rate of 
movement in the bearing is very slow and the 
pressure fluctuates steadily between zero and 
maximum. 

Manufacturers base their catalogue ratings on 
a bearing pressure of about 2,000 lb. per sq. in., 
which, if used to the full, gives an average 
factor of safety of about 20, a little less in the 
large pitch roller chains and a little more in 
small pitch roller or inverted tooth chains. 

The Load Pull in the chain is, of course, the 
work done in foot-pounds divided by the linear 
speed of the chain in feet per minute. For a 
given revolution per minute the pull in the 
chain drive due to this varies inversely as the 
pitch diameter of the driving chain wheel. 

With a bearing pressure of 2,000 lb. per 
sq. in., the speed at which highest mechanical 
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efficiency is obtained is about 2,500 ft. per 
minute for bush roller, and 1,700 ft. per minute 
for inverted tooth chain. The efficiency falls 
off above this speed and, at, say, twice this 
speed, is falling off rapidly. Below _ this 
speed, on the other hand, the efficiency only 
falls off slowly so that, while the best results 
are obtained at about this speed, it does not 
affect the mechanical efficiency much to work 
below it. 

While we should never exceed this speed 
there is good argument for keeping as near to 
it as is practicable, because that gives us large 
wheels, and large wheels tend to freedom from 
noise and polygonal effect, provided always 
that we reduce the pitch of the chain at the 
same time that we increase the wheel diameter. 

The Chain Pitches form a polygon around the 
chain wheel, and if the wheel were turned very 
slowly the chain line entering the wheel would 
rise and fall between the flat side and the point 
of the polygon. But in all industrial drives the 
speed is amply sufficient to cause the chain line 
to assume a permanent intermediate position, 
leaving individual links to be lifted slightly to 
the point of the polygon. In effect, the chain 
falls slightly by gravity and is met by the 
vertical component of the wheel velocity, caus- 
ing a slight impact. This impact, which is the 
cause of noise in a chain drive, is, of course, 
immensely accentuated by any flapping of the 
chain between the wheels. 

In the case of roller chain, before any wear 
has occurred, there is theoretically a direct 
radial impact of the roller in the tooth gap, but 
in practice the roller probably glances down the 
tooth side a little and certainly does so after 
wear has occurred, If there is little or no oil 
on the chain the roller may rattle on its bush. 
In the case of inverted tooth chain, the link 
face slides down the side of the wheel tooth and 
there is nothing to cause any rattle. Hence 
the term “‘ noiseless ’”’ or “‘ silent ’’ chain. 

Bush roller chain can, however, also be very 
quiet when given radial lubrication to cushion 
the rollers on to their seat. 

Wear. As wear occurs in the bearings of a 
chain the chain pitches lengthen very slightly. 
The case-hardened bearings of good quality 
driving chains are hardened to a depth suffi- 
cient to give about 3 per cent pitch extension 
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before the hardened surface is worn through. 
As the pitch lengthens, the centrifugal tension 
and the Joad tension cause the chain to ride 
out on the teeth of the wheels and assume a 
larger pitch circle proportionate to the increase 
in pitch by wear. 

Chain wheels have sufficient height of tooth, 
in wheels up to about 80 teeth, to fully engage 
the chain for the whole of its 3 per cent wear 
or life. But with 120 teeth the permissible wear 
is only 2 per cent, and with 150 teeth, say, 
1? per cent, before the chain begins to tend to 
ride over the tops of the teeth. This tends to 
set a limit to the number of teeth that should 
be used, but it must be kept in mind that 
large numbers of teeth mean much less rate of 
wear and, therefore, 2 per cent wear on a large 
number of teeth may often mean a longer life 
than 3 per cent wear on a small number of teeth. 

As 50 to 60 teeth is as much as one needs in 
order to secure excellent efficiency, the above 
limit only applies in cases where large speed 
reduction ratio is called for. 

As regards wear, prevention is better than cure, 
and the preventive medicine is pure mineral oil 
applied more or less copiously, the amount 
varying, say, as the square of the linear chain 
speed. Chain drives, like other mechanisms, 
cannot be expected to moye without oil. 
Industrial drives installed under reasonably 
good conditions, with good lubrication, generally 
give a life of from seven to fifteen years. 

Good lubrication is of very special importance. 
For high speed drives the oil should be squirted 
on to the inside face of the cham just where it is 
entering a wheel. It is a good plan to recess 
the inside face of the wheel rim and bore several 
small holes from this recess through to the 
space between the wheel teeth ; oil poured in 
this recess will then be thrown out radially 
through the holes on to the inside face of the 
chain. When wear has occurred, the cure is 
adjustment ; preferably by moving one shaft 
away from the other, as can be done with a 
motor on slide rails. If this is not permissible, 
a pitch can be taken out of the chain or, if this 
is not a fine enough method, a jockey wheel can 
be used. The jockey wheel, of course, intro- 
duces further wear points in flexing the chain, but 
if placed on the slack side of a moderate speed 
drive, this effect is very small. 
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STEAM TURBINES 


By W. J. Keartron, M.Enc. A.M.I.Mecu.E., A.M.Inst:N.A. 


LESSON X 


THE RADIAL-FLOW REACTION 
TURBINE 


Most modern turbines operate on the axial-flow 
principle, i.e. the general direction of steam flow 
through the turbine is axial. In some of the 
early turbines built by Parsons, the flow was 
radial. The expansion of the steam was carried 


out in a certain number of stages, and each stage 


th 


mn ~ 
Direction of ve 
1) 
| | A\ 
V/ 
es 


Fic. 43. VELocITy DIAGRAMS FOR SINGLE-MOTION 
RADIAL-FLOW TURBINE 


comprised a number of circular concentric rings 
of blades attached to a disc on the shaft and 
running in spaces between similar rings of blades 
attached to the stator or casing. 

Principle of Action of Single-motion Radial- 
flow Reaction Turbine. Fig. 43 shows diagram- 


matically a single-motion radial-flow turbine. 


In general, there would be several stages in 


7 


series, but our sketch only shows one elementary 
stage comprising an inner fixed ring and an 
outer moving ring of blades. In flowing through 
the inner ring of blades, the steam is partially 


~ expanded and issues with a velocity A B relative 


| 
. 


H 


to the fixed blades. If AC be drawn to repre- 
sent the peripheral velocity of the moving blades, 
then the relative velocity of flow into the moving 


blades will be given by CB, and is represented 
in the sketch by the arrow E. 

In passing through the moving ring of blades, 
the velocity of the steam is increased from CB 
to FG owing to further expansion. If /H be 
drawn to represent to the scale of velocities the 
peripheral velocity at 7,, then the parallelogram 
of velocities may be drawn, giving the final 
absolute velocity of the steam as FK. 

Now, if a body of mass M lb. be moving in a 
circular path and a force of P poundals acts on 
it, then it will produce an acceleration of circum- 
ferential velocity equal to 


rt P 2 
1 ay Liles DeimseG: 


and in ¢sec., the change of velocity will be 


a ADP 
= 
MV MV 
Ole ands? == ——— Ip werent 
t gt 
Multiplying by the radius 7 of the path, 


MV 
Torque T = ee ft.-lb. 


i.e. Torque = ; (Change of Moment of Momentum 


per sec.). 


Referring to Fig. 43, the initial moment of 
momentum is AD. 7, per lb. of steam, and the 
final moment of momentum is — FL . 7, per |b. 
of steam. Note that since FL is in the reverse 
direction to 4D, we prefix a minus sign before 
the quantity FL . 75. 

Hence, if w = weight of steam flowing through 
such a turbine per sec., then 


Torque = 5 {AD .7y~(— FL. 7)} 


==(AD.7,4 FL.1,) 
5 


and if m= angular velocity of the shaft in 
radians per sec. 
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Work done per sec. 
=. Dati, 

=i @ (AD ag) eR ee 


=—{AD.u, + FL ot) 


But AD = V, cosa and FL = FM-ML 
= V,.cosa—U, 
.. Work done 
WwW 


= 5 {m.V, cos a + uy (V2. cos a - tte)? 
5 


If the radial depth of the blades is small com- 
pared with 7, and 7,, then, approximately, w, 
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febe w. Vy 
.. Efficiency = 


Z (2p . cos a — p?) 


& 


x w. Vee 
“ = 2p .cos a— p* 
: , dn 
For maximum efficiency, reas 0 


", 2 cosSa—2p=0 
or p = cosa 


Thus the ratio of peripheral velocity to steam 
exit velocity for maximum efficiency is exactly 


Fic. 44. VELocity DiAGRAMS FOR DouBLE-MOTION 
RADIAL-FLOW TURBINE 


is equal to #., and with “ half-degree reaction,” 
V, equals V,. 


U, 4u 


Fis 2 
Further, writing Q= Vi = V,’ we have, 


Work done by w Ib. of steam 


evi? . 
ar: (2p . cos a— p?), 
Now, the energy given to the steam by 
oe a WV a 
expansion in the blades is ae ft.-Ib. (approx.) 


in each row, i.e. the total energy supplied is 
Te |e 


§ 


the same for the radial-flow as for the axial-flow 
turbine. 

Principle of the Double-motion Radial-flow 
Reaction Turbine. Fig. 44 represents, in dia- 
grammatic form, two adjacent rings of blades 
in a double-motion turbine. Both rings rotate 
in this instance, but in opposite directions. 

In the inner ring of blades,-the steam is 
partially expanded and flows out with a velocity 
AB relative to the blades.. The steam has, 
however, a peripheral velocity AC in common 
with the blades themselves. Drawing the 
velocity parallelogram ABCD, we obtain AD, 
which is the absolute steam velocity. 

If we assume that the steam possesses no 
tangential velocity at inflow to the ring of 
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blades in question, then the work done on the 
inner ring of blades per w lb. of steam 


AE= eyes 


Fi (V4 COS a — Uy) 

In order to obtain the velocity of the steam 
relative to the outer blades at inlet, we observe 
that the relative velocity of the two blade rings 
is 2u, (assuming the angular velocities w, and 
@, to be equal), and we, therefore, draw AG 
_ equal to 2u, and complete the parallelogram 

ABFG. AF is then the velocity of steam 
relative to the second ring of blades. The 
‘arrow H drawn in the same relative direction 

as AF shows the direction of inflow. 
In the outer ring of blades, the steam acquires 
»-a velocity V, due to expansion, and this, com- 
bined with the peripheral velocity KM = u,, 

results in a final absolute velocity KN. 

The change of moment of momentum in the 

_ outer blade ring is 
lb.-ft.” 
w(KQ.7, + AE .1) Rieko 
. Work done on the outer ring of blades per 

w |b. of steam 


(u.- KO + u,. AE) ft-lb. 


w 
as Us 
Uy . 
§ 


per w lb. of steam 


I 


Mae Pope 


$(Vg . COS 4 — Uy) + Uy(V, . cos a—u)} 
If we again assume that the radial depth of 
each blade ring is small compared with either 
Y, OF %, and also that the degree of expansion 
is the same in both blade rings, then u, = uw, 
and V, = V.. 
. Work done in the outer ring of blades 


= z {2u,(V,.cos a—u,)} 
and the total work done in both rings of blades 
w Z 
| ae {3u1(V, cos a — 244)} 
De We 
| = (p.cos.a—p") 
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The energy supplied in the two rings is 


approximately 2 X as 
28 
and therefore the efficiency 
3W Ye o 
ailieas g (p . Cos a — p®) wV 2 
= 3(p . cos a— p’) 
This is obviously a maximum when p = — 


and the maximum value of 7 is 


- 3. cos’a 
1 max aad 4 


If the two blade rings in question were in 
the midst of other blade rings, then the con- 
ditions at inlet for the inner ring would be 
analagous to those for the outer ring, and the 
work done in the inner ring per w lb. of steam 
would be 

w 

— $u,(Vq cos a— 44) + Mo(Vo . COS a— ty)} 

5 
and, again assuming that uw =u, =wu,; and 
V) = V, = Vz, then the total work done in the 
two rings 


Ses COS a — 14) 
Vee 
ar + (p.cos a— p’) 


-. H== Alp. cos a—p*) 
The efficiency is again a maximum when p 


, and its maximum value 


a, 2 
max — COS” a 


Importance of Double Motion. For a given 
peripheral velocity wu, the steam velocity is 
about twice as great as in the single-motion 
reaction turbine, and hence the heat drop 
utilized is about four times as great. In other 
words, for a given total heat drop, the number 
of stages required is reduced to one-quarter. 
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RECIPROCATING STEAM-ENGINES 


By ENGINEER LIEUT.-COMMANDER T. ALLEN, M.ENG., R.N. (S.R.) 


LESSON XI 


ENGINES DESIGNED FOR USE 
WITH EXHAUST STEAM 
(contd.) 


Steam Extraction Engines. The difficulty of 
balancing the demands for power and process 
steam necessitates, in most instances, the 
employment of a modified type of engine known 
as the steam extraction engine. In the hori- 
zontal form this is a compound engine arranged 
as shown diagrammatically in Fig. 33, and in 
Figs. 34 and 35. Steam from the boiler is led 
to the high pressure cylinder A, Fig. 34 (facing 
page 1305), through pipes 6, and generates 
power in this cylinder during expansion to the 
required process steam pressure. The exhaust 
steam from the high pressure cylinder enters the 
receiver C, Fig. 33, and the proportion required 
for process purposes is drawn from this receiver 
through branch D. The surplus passes through 
pipes £ to the low pressure cylinder F, where 
it does further work during expansion to the 
pressure in the condenser G or G,. The 
reciprocating air pump of the engine shown in 
Fig. 34 is driven from an overhung crank on 
the engine crankshaft, and the jet condenser 
bolted directly to the exhaust branch of the 
low pressure cylinder. In Fig. 33, both ends 
of the crankshaft accommodate half couplings 
for the direct transmission of power—in addi- 
tion to rope drive from a pulley alongside the 
fly-wheel. In this case, therefore, the air 
pump is of the steam operated ejector type, and 
the jet condenser is arranged independently in 
the basement with an electrically driven 
centrifugal water extraction pump. 

Governing System. The usual requirements 
of constant speed and process steam pressure 
are met by regulating the cut-offs of the high 
pressure cylinder through the action of a speed 
governor, and those of the low pressure cylin- 
der by means of a pressure governor (see Fig. 
35). Ifthe load remains steady and the demand 
for process steam increases, the pressure in pipe 
D tends to fall, and the pressure governor 
reduces the cut-off of the low pressure valves, 
thus curtailing the supply to the low pressure 
cylinder and causing a reduction in output and 


a tendency to reduced speed. The speed 
governor thereupon comes into operation, 
increasing the cut-off of the high pressure 
valves and restoring the receiver pressure and 
combined output to normal. - The reverse takes 
place if the demand for process steam is reduced, 
and similar regulation occurs if the process 
demand remains constant and the load changes. 

The dual governing system works quickly and 
effectively in practice, and the usual speed 
uniformity may be obtained with practically 
constant pressure of extracted steam. It will 
be noted that the engine provides automatically 
for variation in load and process steam demand 
between wide limits. At times of maximum ex- 
traction, the cut-off of the low pressure cylin- 
der may be reduced to such a limit as serves 
only to prevent the piston working “ dry,’ and 
the high pressure cylinder develops practically 
all the load, so that the engine works with an 
economy approaching that of the back pressure 
engine. When the demand for process steam 
is nil, the load is shared between the two cylin- 
ders, and the engine works with an economy 
approximating to that of-an ordinary com- 
pound condensing engine. As with the back 
pressure engine, the steam consumption is 
reduced by lowering the extracted steam pres- 
sure, and by adopting as high an initial super- 
heat as possible. Also, the heat loss to the 
condenser is reduced and the thermal efficiency 
improved, by increasing the amount of steam 
extracted from the intermediate receiver. Owing 
to the great variation of power and piston load 
distribution, the engine is usually constructed in 
the tandem form, although the cross-compound 
arrangement may be adopted in suitable cases. 

Automatic reducing valves—opened by the 
pressure governor when the cut-off in the low 
pressure cylinder has been reduced to a mini- 
mum—may be fitted to supply any deficiency 
of process steam, or to by-pass steam from the 
boilers when the engine is stopped. 

Description of Steam Extraction Engines. Fig. 
35 is reproduced from a photograph of a hori- 
zontal steam extraction engine built for a nor- 
mal load of 650 i.h.p. at 160 r.p.m., and extrac- 
tion steam quantities up to 11,000 lb.-hr. at 
10-15 lb. gauge pressure. This engine is 
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direct-coupled to a 200 kW. D.C. generator by 

means of a coupling beyond the outer bearing 

shown in the photograph, and the remainder 
of the power is transmitted through ropes. 

The general constructional features are simi- 

_lar to those of the back pressure engine—with 

the addition of the low pressure cylinder—and 
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the cylinder ratios require careful selection in 
each particular case. As a rule, the high 
pressure cylinder is larger and low pressure 
cylinder smaller than those of ordinary com- 
pound engines, and for high extraction rates the 
cylinder diameters may approach equality. 
Where low pressure cylinders are of the Unaflow 
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; ; Fic. 33. DIAGRAMMATIC ARRANGEMENT OF STEAM EXTRACTION ENGINE 
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type, means must be provided to avoid excessive 
compression at starting, or at times of reduced 
vacuum as described for normal Unaflow engines. 
The engines are, at present, usually designed for 
steam pressures from 150-250 lb. per sq. in., and 
receiver pressures up to a normal maximum of 
about 70 lb. per sq. in., although this pressure 
should be kept as low as possible for reasons 
already stated. Vertical high speed engines 
may also be arranged for the extraction of steam 
from a special low pressure receiver. An auto- 
matic valve is fitted to control the supply of 
steam to the low pressure cylinder ; all steam not 
required for process purposes passing through 
this cylinder and thence to the condenser. 
Example of Savings. The approximate 
saving due to the installation of a steam 
extraction engine—rather than a pure con- 
densing engine for power, with separate supply 
of the process steam—may again be illustrated 
by a simple example— 
Initial steam 190 lb. per sq. in. gauge pressure, 
superheated to 550° F. 
10,000 Ib, per hr. at 4o lb. per 


Normal process 
sq. in. gauge pressure. 


steam demand 
Normal load demand 600 i.h.p. 
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Total live steam required by hori- 
zontal steam extraction engine for 


power and process steam require- lb. per hr. 
ments . . 5 é 4 = 12,400 
Live steam required, say, by con- 

densing Unaflow engine for power 

requirements only : =) 163300 
Add live steam equivalent of 

10,000 lb, per hr. process steam 

required . ‘ 6 = 9,100 
Total live steam required for con- 

densing scheme : 5 4 = 15,400 


Saving in favour of steam extraction engine = 
15,400 — 12,400 = 3,000 1b, per hr. or about 19°5 per 
cent over the condensing scheme. 


The best case has purposely not been chosen 
in this example, inasmuch as the extraction 
pressure is somewhat high and the extracted 
quantity comparatively low. The steam extrac- 
tion engine, working at the load specified, could 
yield process steam quantities up to about 
15,000 lb. per hr. without make-up through the 
auxiliary live steam valve. The economy of the 
engine would increase with an increase in the 
extracted steam quantity, and better results 
would also be obtained by lowering the 
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extraction pressure. In such cases the com- 
parison is even more favourable, and the saving 
in fuel is approximately proportional to the 
steam saving. A further advantage accrues 
owing to the reduced quantity of condensing 
water required. 

Conclusion. The overall economy of engines 
working in conjunction with plant which 
utilizes the heat content of exhaust steam is, 
in many cases, greatly superior to , that of 
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the most modern power station. It is not 
surprising, therefore, that the system of steam 
extraction has been widely adopted on the 
Continent where coal is expensive, and, to a 
smaller extent, in this country. Even to day, 
however, a wide field exists for the application 
of steam extraction engines, and—apart from the 
economies consequent upon reduced manufac- 
turing costs—their extended use would be accom- 
panied by a very large national saving of fuel. 


(CONCLUSION) 
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CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, 


LESSON XI 


Operation and Maintenance. We shall now 
endeavour to give some hints about the special 
points that require attention in the operation 
and maintenance of Diesel engines as distinct 
from the ordinary procedure and practice in 


connection with internal combustion engines 


ts 


— 


generally. 

Regulation of the Blast Air. In a normal 
Diesel engine it is necessary, in order to obtain 
the most efficient working, to regulate the blast 
pressure to suit the load on the engine. The 
reason for this may be explained as follows— 

The fuel cam and valve is necessarily designed 
to admit the right quantity of oil when the 
engine 18 working at its full capacity and the 
blast air is at a certain pressure. At lower 
loads the quantity of oil used is smaller, while 
the valve opening remains unaltered. The oil 
in the pulverizer parts increases the resistance 
to the flow of the blast air through them, and 
therefore, when the quantity of oil is less the 
resistance is less and more blast air will pass 
through into the cylinder under the same blast 
pressure. This air is, of course, cold and at a 
high pressure, and enters the cylinder contain- 
ing very hot air at a much lower pressure. The 


blast air, therefore, in expanding to the lower 


pressure and at the same time being raised to 
a very much higher temperature, takes up 
84—(5462) 


A.M.I.MeEcu.E. 


considerable heat and, consequently, has the 
effect of reducing in some degree the tempera- 
ture of the air in the combustion space. 

It follows, therefore, that, with the same blast 
pressure, more cold air would enter the cylin- 
der at low load than at full-load, and this would 
cause such a greater cooling effect as to inter- 
fere to a noticeable degree with good combus- 
tion, causing the phenomenon known as a 
smoky exhaust. 

The simplest way of remedying this is to 
reduce the blast pressure as the load decreases, 
thereby reducing the quantity of cold air enter- 
ing the cylinder. As an indication of the extent 
of regulation necessary, it may be stated that if 
an engine works at full-load with a blast pres- 
sure of goo lb. per sq. in., then at no-load the 
blast pressure would be about 540 lb. per sq. in., 
and at intermediate loads the pressure would lie 
proportionately between these two values. In 
practice too high a blast pressure at no-load 
gives the exhaust gases a whitish colour, while 
at heavier loads with too low a blast the gases 
become blackish. 

It follows from the above facts that on a 
fluctuating load, it is necessary, for the most 
economical working, to adjust the blast pressure 
to suit any considerable change in the load on 
the engine. This, of course, entails more or 
less constant attention on the part of the 
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attendant and, in order to avoid this, some 
makers supply an automatic regulating device 
which controls the blast pressure in accordance 
with the load, thus ensuring the best conditions 
of combustion at all times with the maximum 
of efficiency and cleanness, as the sooting-up of 
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the piston top, cylinder heads, and valves due 
to incomplete combustion, resulting from an 
unsuitable blast pressure, is materially reduced, 
if not entirely avoided. 

Valves in Cylinder Cover. It is vital to keep 
these valves gas and oil tight, and in a free 
working condition. The fuel valve particu- 
larly must be kept free in its packing, if of the 
packed type, so that there is no danger of 
sticking open, thereby permitting leakage of 
fuel and blast air into the cylinder or causing 
injection at the wrong time. In some designs 
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packing is dispensed with, as a means of avoiding 
this possible trouble. Regular cleaning of the 
pulverizer parts is necessary, the frequency 
depending chiefly upon the nature and quality 
of the fuel oil used. The needle valve should 
also be rubbed or ground on its seat fairly 
regularly. Some oils are thick and sticky by 
nature or are difficult to burn completely, such 
as those of strongly asphaltic origin, and this 
tends to cause pitting of the surfaces of the 
valves and their seats and, consequently, a 
lack of complete tightness, which leads to high 
exhaust temperatures and a dirty exhaust. 


It may happen that the frequent grinding of 


the fuel valve, particularly if a hard abrasive 
is used, a practice which is not to be recom- 
mended, produces a recess in the seat of such a 
depth as to bring about a material reduction in 
the effective opening of the valves and, conse- 


quently, to cause interference with the passage ~ 


of the oil and blast air. Such a condition is 
illustrated in Fig. 41, which also indicates two 
methods of rectifying it, 1.e. by grooving the 
needle valve or by reamering out the seat by 
means of a special tool. The main effects of 
such a condition of the valve and seat are loss 
of power, difficulty of starting and local over- 
heating. : 

In long fuel valve casings it is, obviously, 
rather a difficult matter to discover the true 
condition of the seat, and to measure the actual! 
depth of any recess there may be init. Perhaps 
the neatest method of doing this is that due to 
Mr. G. E. Windeler,! in which a softened wax 
candle is pressed down firmly into the casing 
so that it takes the actual form of the seat, which 
is clearly shown when the candle is withdrawn, 
after being allowed. to harden. 

. The pulverizer parts need cleaning more or 


less often, according to the quality of the oil © 


in use, while the actual nozzle or flame-plate 
seldom requires much attention in the air 


injection type of engine, owing to the com- © 


paratively large size of the hole, or holes, 
through it, which under ordinary circumstances 
do not readily become choked. ° 

As regards the packing of the fuel valve 
spindle several different forms are in use, one 
of the commonest being made up of metallic 
lead shavings compounded with graphite. This 
gives good service, as also do various makes of 


1 See Care and Maintenance of Diesel Engines, by 
G. E. Windeler. Paper before The Diesel Engine 
Users Association, 27th October, 1922, trom which the 
above Fig. 41 is taken. 
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fibrous material graphitized in a similar way. 
There is, however, a strong tendency in modern 

_ designs to avoid the use of packings altogether, 

_ and to rely on good mechanical fits or special 
mechanical devices to prevent leakage of blast 

; air or fuel oil from the fuel valve casing. 

_ It is important to attend regularly to the 
exhaust valves, a good plan being to change 
these after a certain period of running, replac- 
ing them by spare ones. They can then be 

» cleaned and ground in their seats at leisure, and 
_thus be ready for insertion at any moment. 

The air inlet valve and the starting valve 
require comparatively little attention, other 
than very occasional grinding in, as these are 
not subject to the flow of the hot gases of com- 
bustion over their seats. As in the case of the 
fuel valve, the quality of the fuel oil affects the 
question of how frequently the exhaust valve 
requires attention, the use of heavy viscous oils 

naturally necessitating more attention than if 
lighter and more fluid ones are used. In all 
cases, however, it pays to adopt a regular and 
systematic plan of inspection and cleaning, thus 

ensuring that these vital parts are kept in a 
thoroughly efficient working condition. 

Main Pistons. As with all other internal 
combustion engines, periodic inspection of the 
pistons is advisable. After lengthy running 
there is a tendency for the sides near the com- 
bustion end to become coated with hard car- 
bonized oil, which sometimes gums up the piston 
rings, preventing their free expansion in the 
grooves and thus causing leakage and loss of 
compression. When this occurs the pistons 
should be withdrawn, cleaned, and the rings 

‘freed in their grooves. The chief factor that 
affects this particular point is the lubrication of 
the cylinder and piston. Too little oil may lead 
to a dry piston and seizure, whilst too much 
may cause a dirty piston head, clogging of the 
exhaust valves and a bad exhaust. 

The piston is made as close a fit in the cylinder 
as possible, allowing for expansion and adequate 
side clearance when working at the maximum 
rated overload. Under ordinary circumstances 
an engine would run almost indefinitely without 
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piston trouble, but if for any reason, such as 
the failure of the water supply due to accident 
or carelessness, or the running of the engine for 
any considerable time above its rated overload, 
the piston becomes too hot, a seizure will take 
place between it and the cylinder walls. This 
may lead to serious results and it is, therefore, 
of the utmost importance to avoid such an occur- 
rence. As previously mentioned, large pistons 
are separately cooled by the internal circulation 
of water or oil, and it is obvious in such cases 
that any failure of the supply would quickly 
bring about a dangerous temperature in the 
material of the piston. 

To avoid piston trouble, therefore, there are 
three important things to watch ; not to over- 
load the engine unnecessarily, to maintain 
correct lubrication, and to maintain efficient 
cooling. In regard to the latter it is not 
merely sufficient to see that the correct quantity 
of water is flowing to each cylinder, but it is 
also necessary to see that the water spaces in 
the cylinder casing and cylinder cover are kept 
reasonably clean. A very frequent cause of 
trouble is the deposition of mud or hard impuri- 
ties from the water in the water spaces, which 
brings about local overheating and, perhaps 
cracking of the metal at some point where it is 
subject to high working temperatures. One 
very important yet simple method of reducing 
deposits of this kind is to arrange that the 
cooling water can be circulated through the 
cooling spaces for some time after the engine 
has stopped running. In this way, boiling of 
the water in the jackets due to the heat retained 
in the working parts is avoided, and the conse- 
quent deposition of the impurities in the water 
materially reduced. Where the cooling water 
is taken from a river or stream liable at times 
to become muddy, the above-mentioned pre- 
cautions are particularly important.. One of 
the advantages of the closed circulating water 
system, that is a system where the same 
water is used continually and passed through 
a cooler, is that the chances of deposits 
forming in the jackets are almost entirely 
avoided. 
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OUTLINES OF LOCOMOTIVE ENGINEERING 


By A. Morton BELL, O.B.E., M.I.Mecu.E., M.1.Loco.E. 


LESSON VII 
LUBRICATION 


Tue efficient lubrication of the various parts of 
a locomotive requires very careful attention and 
study, and is a detail on which time and money 
can be well spent. 

It is manifest that the greater the friction 
existing between any two bodies, the more will 
be the power required to move them. The 


steam is admitted through suitable valves, to 
displace the oil at the speed required, and 
deliver it past sight-holes to the parts to be 
lubricated. 

Fig. 30 shows a representative mechanical 
feed lubricator, which is operated by a rod 
receiving motion from one of the moving parts 
of the engine. The oil in the reservoir is forced 
by small pumps along the pipes leading to the 
different points of lubrication. The throw of 
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introduction of a lubricating medium between 
the different surfaces, more especially those of 
the valves, cylinders, etc., can be secured either 
by mechanical means or by displacement. For 
the axle-boxes and journals, capillary, or 
natural gravitation are usually used, with pipe 
connections from the foot-plate or other suit- 
able position ; forced lubrication by mechanical 
means for the axle-boxes is in use. 

Lubricators of the so-called mechanical order 
consist of a series of miniature pumps, which 
force the oil in measured quantities along pipes 
to the different details requiring lubrication, 
whilst those depending on the hydrostatic or 
displacement of the lubricant by water, have a 
chamber under pressure into which condensed 


the pumps can be so regulated that they deliver 
any desired quantity of oil, and as the barrel 
receives a regular supply a constant stream of 
lubricant is assured. In many instances the 
mechanical lubricator -is supplemented by a 
steam jet to act as an anti-carbonizer. 

Whilst the mechanical system of forced 
lubrication doubtless has its advantages in 
securing a known and definite delivery of oil, 
similar claims are made for the hydrostatic, or 
displacement, method, and Fig. 31 gives a 
typical form of such a device. In this, the oil 
chamber under pressure has a connection 
whereby condensed steam is admitted to it, the 
level of the water gradually rising in it dis- 
places the oil, and forces this up through the 


; 
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different sight feed tubes connected to the pipes 
which convey it to the cylinders, etc. 

There are many interesting varieties of these 
displacement lubricators, but it is quite impos- 
sible here to make mention of more than one 
example. 

To guarantee satisfactory lubrication of the 
piston valves of superheater engines, arrange- 
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partially immersed in the oil in the “keep,” or 
oil well. 

The moving parts of the motion, such as the 
coupling rod ends, big ends, slide bars, links, 
etc., are provided with oil cups in which worsted 
trimmings, or other devices are inserted to 
secure a gradual and continuous feed of oil by 
capillary attraction. To stop the action of 


SG 


Valve 


Condenser 


SENT 


Filling Plug 
Equalizing Tube 


Expansion Chamber 


INN NONI TAN 


: QQ ke 
ING f= 
> 
Z 


title 


CD 
“Lia 


ea \ 
aw 
ae 
TN 


SYST 


Lubricator SupportStud& 
Central Oil Feed Outtet 


i 


i 
' 


Bress 


1 


Steam Chest 
Choke Plug 


N 
Wh 


01/ Control 
Valve Handle 


Fic. 31. DISPLACEMENT LUBRICATOR 
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‘ments are in use whereby on the opening of the 
‘main regulator to steam, displacement of the 
oil commences in the sight feed lubricator, 
ine automatic action. 

The axle-box guides are details which require 
‘somewhat careful treatment in the way of 
‘lubrication, as much trouble may result from 
ee seizing in the guides if lubrication 

ceases. Special oil boxes are often provided at 
_ the side of the engine with pipes leading to the 
surfaces of these guides. 

The axle-boxes are furnished with pads below, 

which have trimmings hanging down, or are 


such lubricators, it is only necessary to lift the 
trimmings from the pipes, which is usually done 
when the engine reaches the shed for standing 
off. 

So far, oil of approved qualities has held the 
field in this country for the lubrication of 
locomotives ; during recent years it has ousted 
grease from even the axle-boxes of wagons. 
Strange to say, something of a reverse nature 
has happened in America and some other 
countries. There grease has replaced oil, for 
the lubrication of the driving journals, big 
ends, and heavy moving parts of locomotives ; 
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further, it has been adopted with marked success 
in certain tropical lands for the lubrication of 
the journals of rolling stock. 

The application to locomotives has been care- 
fully studied, and the preparation of a suitable 
grease, with the best and most satisfactory means 
of applying it, are the result of much investiga- 
tion and experience. It would certainly appear 
that grease should be a more economical form 
of lubricant, for it is only when actual work is 
being performed that the medium will be used ; 
there is little or no waste from leakage, drip, 
etc., and, further, it is much cleaner both in 
storage, application, and use. It is admitted, 
however, that the friction incurred is somewhat 
greater with grease than with oil, but it is not 
considered a sufficient detriment, especially 
when slow moving freight locomotives are 
concerned, 

Graphite, used dry or mixed with oil, is also 
employed as a lubricant for locomotive valves 
and cylinders; it has also been tried for 
journals. 
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The consumption of oil in the lubrication of 
a modern locomotive naturally varies very 
considerably with the type of engine, service 
performed, etc. It is stated that on main 
line working on a British railway, a consump- 
tion is recorded of from 3:5 to 5 pints of engine 
oil, and from 2-5 to 3-5 pints of cylinder oil per 
hundred engine miles. 

Superheater engines are said to require less 
cylinder oil than those using saturated steam, 
a fact to be attributed, probably, to the superior 
grade of oil used and its very high flash point. 

In the actual delivery of the lubricant to the 
valves of cylinders, there is some differences in 
practice ; some designers are content to par- 
tially disintegrate the oil on its passage into the 


ee 


steam pipe, whilst others insist on its delivery — 


to the actual surfaces. 


Evidence can be adduced ~ 


for the efficiency of either, and it probably — 


depends more on the quality of the oil than in 
its particular delivery, for if the oilis carbonized, 
or only partially so in its transit, it does not 
matter much how the delivery is assured. 
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By R. Royps, M.Sc., M.I.Mecu.E. 


LESSON VII 
BOILER TESTING 


THE remainder of our discussion will be con- 
cerned principally with the testing of boilers, 
steam-engines and turbines, and internal com- 
bustion engines. No very useful purpose would 
be served here by going into a great number of 
details, and only essential factors will be dealt 
with. For those more vitally: interested who 
may require more detailed explanations, and 
who would like to have suitable forms for tabu- 
lating test results, reference may be made to the 
1926 Report of the Committee on tabulating 
the results of Heat Engine Trials, published 
under the authority of the Council of Civil 


Engineers, by William Clowes & Sons, Ltd., and 
to the work on The Testing of Motive Power 


Engines, published by Messrs. Longmans, 
Green & Co. 


Boiler Tests. A boiler test made for indus- 
trial purposes is usually concerned with the 
efficiency and performance of the boiler under 
definite conditions. The manner of making the 
test, the methods of measurement to be adopted, 


and the readings to be observed, depend upon 


whether one or more isolated tests are required, 


or whether the performance under the ordinary ~ 


conditions of working over, say, a period of a 
week or more is to be ascertained. In the 
latter case the usual purpose is to know what 
the boilers are doing with a view of making 
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proposals for improvements if the results call 
for improvement. In the former case the tests 
are usually concerned with the fulfilment of 
guarantees, or with obtaining an authentic 
report of the capabilities of the boiler plant 
with respect to efficiency. 

To determine the efficiency of a boiler it is 
necessary to measure the fuel consumption, the 
calorific value of the fuel, the amount of steam 
generated, together with water and steam tem- 
peratures, steam pressures, condition of steam 
leaving the boiler, etc. Ii the test were of 
great importance it would be found advantag- 
eous to ascertain the measurable losses of heat 
due to lost fuel in the ashes, incomplete com- 


__bustion, and the heat carried away by the. flue 


gases. In this case the fuel and ashes would 


| require to be analysed as well as the flue gases, 


and the temperature of these gases leaving the 
boiler plant, and perhaps at intermediate 


* points as well, would have to be measured along 


with the atmospheric temperature. By demon- 
strating that the whole of the measured and 
calculated quantities of heat in the heat balance 
sheet are reconcilable, and that the heat given 
to the water plus the estimated losses do not 
exceed the estimated heat given by the fuel, 
the authenticity of the boiler test is greatly 
enhanced. 

Duration of Tests. The duration of a boiler 
test should depend primarily upon the accuracy 
with which the finishing conditions can be 
adjusted to those obtaining at the start, more 
especially with respect to the thickness and 
condition of the fires when the furnaces are coal 
fired. If the coal is mechanically fired, as with 
a chain grate stoker, it is comparatively easy 
to arrange that the grate conditions at the 
finish are approximately the same as those at 
the start, provided the rate of working of the 
boiler is kept something like constant. When 
the coal is hand fired, however, the person in 
charge of the test has to judge the thickness and 
condition of the fire at the start, and has to try 
to stop the test with the same thickness and 
conditions. It is difficult to judge how much 


~ coal and how much ash and clinker there is on 


the grate and, therefore, the experimenter 
should try to make the duration such as to 
cover one or more cycles from clean fires to 
clean fires. If the fires are cleaned, say, half 
an hour before the test commences, and the 
last cleaning is about half an hour previous to 
the expected end of the test, the liability to 
error is much reduced, In no case should the 
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duration of a boiler test be less than four hours. 
If the experimenter will have all the readings 
or observations plotted on a time base as the 
test proceeds, then the course of the plotted 
values will indicate whether something lke 
constant conditions were being obtained during 
the test, and the official beginning and end of the 
test could be selected according to the conditions 
shown by the plotted observations. 

Coal Weighing. The stack of solid fuel to be 
used during a test should be kept well away from 
the firing floor, and the fuel to be used would be 
weighed out periodically. A box, pan, or 
barrow on a weighing machine could be used 
for this purpose, weighing out, say, 200 lb. at 
a time. Only one weighing should be allowed 
on the firing floor, and the time this weighing is 
finished would be recorded so that the total 
weight of fuel fired up to any time during the 
test is readily ascertained. Some care is neces- 
sary in recording the weighings as otherwise one 
or more of the weighings might go unrecorded. 

Sampling of Coal. An average sample of the 
fuel would be necessary for the determination 
of the calorific value and, if required, for pur- 
poses of analysis. The fuel, usually small coal, 
can be sampled by taking, say, one-quarter to 
one-half of a shovelful at each weighing and 
placing it in an air-tight canister until the end 
of the test. Then the whole of the samples 
thus collected would be emptied on to a solid 
floor or iron plate and rapidly mixed, and then 
formed into a square or pyramid. The bulk 
would be quartered and opposite quarters then 
rejected. The remainder would be similarly 
mixed, quartered, and rejected until a final 
sample is left of 2 or 3 lb. in weight, and this 
would be placed immediately into an air-tight 
bottle so that the moisture in the fuel will not 
be evaporated. The determination of the mois- 
ture contents, the calorific value, and an analysis 
of the fuel requires special skill, and should pre- 
ferably be done by a qualified chemist as this 
test is important. 

Measurement of Feed Water. In connection 
with the measurement of the feed water, the 
water level in the boiler drum, as shown by 
the gauge glasses, should be recorded periodi- 
cally during the test, and, if possible, the finish- 
ing level should be arranged to be the same as 
at the start or the difference allowed for. The 
feed water is usually measured on the suction 
side of the feed pump, and observations should 
be made for possible leakages of water at the 
feed pump, feed pipe, boiler blow-off valve, and 
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boiler seams, for if leakages occurred during the 
test, the boiler would be credited as having 
evaporated such water unless the leakages were 
allowed for. 

The best method of measuring the feed water 
is to weigh it in a tank on a weighing machine 
before running it into the suction tank. An 
alternative method which is easier to manipu- 
late is to provide two calibrated measuring tanks 
placed over the suction tank as shown in Fig. 38. 
The upper tank has a water-tight division wall 
A, and each compartment thus formed is pro- 
vided with some form of overflow pipe B and 
emptying cock C. The feed water is supplied 


a 


. MAY 
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alternately into the two upper measuring tanks 
so that one is filling while the other is emptying 
into the suction tank S. Some form of gauge, 
such as the hook gauge H, would be used to 
show a standard level in the suction tank S. 
To avoid mistakes it is important to record each 
filling as soon as it is emptied into the suction 
tank, but the time recorded against each filling 
would be that at which the level in the suction 
tank next falls to the standard level. By this 
method the amount of feed water measured up 
to any time during the test is readily ascer- 
tained. The amount of water required to fill 
each measuring tank could be obtained either 
by use of a standard gallon measure or by 
emptying into them weighed quantities of water. 
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In power stations it is the usual practice to 
have continuous records of the fuel and feed 
water consumptions under running conditions. 
The fuel, say coal, is measured by a meter, such 
as the Lea coal meter. The water may be 
recorded by means of a Lea recorder or by a 
Kent Venturi meter. If the feed water is taken 
from a main having an ordinary water meter in 
circuit, and only this water is flowing through 
the meter during a test, then for approximate 
or comparative results the water may be mea- 
sured in this way provided the meter has been 
calibrated recently. Again, a steam meter of 
reputable make placed in the steam pipe from 
the boiler could be used to give the approximate 
amount of steam produced. 

In a boiler test the draught at one or more 
places in the boiler or flues is usually measured, 
especially if forced or induced draught is used. 
It may be that one of the objects of the test or 
tests is to ascertain or to demonstrate the rate 
of heat transmission or rate of evaporation 
under different draught conditions. For the 
laws connecting the heat transmission and the 
draught, reference may be made to the books on 
Heat Transmission by Radiation, Conduction, 
and Convection, and Heat Transmission in 
Boilers, Condensers, and Evaporators, published 
by Messrs. Constable & Co. 

The efficiency of a boiler, including or exclud- 
ing any superheater, economizer, or air heater as 
the case may be, is the ratio between the amount 
of heat in the steam generated, reckoned from 
feed temperature, per pound of fuel fired, and 
the calorific value of the fuel. If the boiler 
delivers saturated steam the dryness fraction of 
the steam may be ascertained by means of a 
steam throttling calorimeter. Not only is it 
important, therefore, to measure the quantity 
of the feed water, fuel, and temperatures, etc., 
as accurately as possible, but it is equally 
important to obtain a true average sample of 
the fuel and to determine the. moisture con- 
tents and calorific value of the fuel with a 
reasonable degree of accuracy. 

The character of the combustion and the 
amount of air supplied to the furnace per pound 
of fuel burned are usually estimated from the 
analyses of the flue gases and the fuel. 
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By E. W. Workman, B.Sc., A.M.LE.E., ETC. 


LESSON XII 
THE TIME-KEEPING DEPARTMENT 


Scope of Work. As was mentioned in the last 
- lesson, the work of the time-keeping or wages 
_ department is very often done by one section 

of the cost department. Whatever the organ- 

ization in this respect, however, the work done 
is substantially the sarne. The objects of the 
work are two— 

1. To ascertain the correct wages payable to 
each employee. 

2. To analyse these wages so that it is known 
to the cost department how much should be 
charged to each order and to the different 
overhead expense accounts. 

The statistical summaries of the wages paid 
out may also be prepared by the wages section 
of the cost department, but the actual making 
up and paying out of the wages to the employees 
should be done by the cashier’s department. It 
is important that wages should be calculated 
and paid by entirely different departments in 
order to minimize the possibility of fraud and 
theft. 

Time Records. There are two main require- 
ments that have to be met in the records of 
working hours which are compiled by or for 
each employee. 

x. A record must be kept of the total time 

‘worked by each employee each week in order 
to enable day wages to be calculated, and so 
that a check may be kept on absentees and late 

comers. 

2. Details must be kept of the work on which 

-each employee has been engaged, partly in 
order to calculate piece-work wages, and partly 

so that the correct amount of labour cost may be 

charged to each individual job or process. 

_ Pay-roll Clock Cards. The total time worked 

by each employee each week is sometimes com- 
piled from records kept at the entrance gate of 
the time when each employee receives a metal 
disc on entering the works, and of the time when 
the disc is returned when the employee leaves 
the works later on. More usually these records 
are obtained by means of automatic recording 
clocks which print the times of entering and 
leaving on cards bearing the employees’ names 


7 
4 


and numbers.- At the end of each week the 
clock cards are added up to show the total 
number of hours spent in the works by each 
employee, and are used in conjunction with the 
job tickets described below to calculate the 
wages due for the week. Although the printing 
of the time is quite automatic when a card is 
inserted in a clock, the employees should not 
be left to record their time entirely without 
supervision, as otherwise there is nothing to 
prevent the marking by friends of the cards of 
absentees or late comers as though they had 
worked the full time and then later drawing the 
full wages—though this does not, of course, 
apply to piece-workers. The names and num- 
bers of the employees are conveniently put on 
the cards in advance by means of an addressing 
machine used also for the pay-roll and pay 
envelopes. 

Job Tickets. The details of the work per- 
formed by each employee are recorded on some 
form of job ticket, the design of the form 
depending on the particular conditions of the 
work. In some cases it is convenient for the 
workman to state on one job ticket the length 
of time taken for each job worked upon during 
the week, but more often a separate job ticket 
is prepared for each job worked upon by each 
employee each week. In this case, at the end 
of each job the employee fills up a printed job 
ticket giving his name and number and the 
particulars of the job number, the description 
of the work and the amount of time taken. In 
the case of work being done for definite order 
numbers for customers, the job or order number 
is quoted on the ticket, but with indirect 
workers, such as sweepers-up. or store-keepers, 
a special ‘‘expense number’’ is quoted, the 
wages for these workers being charged to over- 
head expenses instead of to individual jobs. In 
the case of piece-work, the ticket should be 
passed and signed by an inspector for certifica- 
tion as to the quantity and quality of the work 
done. 

Comparison of Clock Cards and Job Tickets. 
Both the clock cards and the job tickets should 
each give a complete account of the time of each 
employee, and so the total of the times shown 
on the individual job tickets should add up to 
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the time shown in total on the clock card. Such 
a comparison should always be made as it forms 
a useful check that no day work job tickets are 
missing. As day wages will usually be computed 
from the clock cards there is always a tendency 
to avoid making out the corresponding job 
tickets, and if this is not checked the jobs 
affected will be undercosted by the value of the 
hours not recorded. 

Pay-rolls. The number of hours of day-work 
recorded on the clock cards or job tickets are 
multiplied by the day-work rate of the employee 
concerned, in order to give the basis amount of 
day wages payable. Similarly, the number of 
completed pieces are multiplied by the respec- 
tive piece-work prices in order to give the basis 
amount of piece-work wages payable. To these 
basis amounts are added or subtracted any 
overall alterations to the rates of wages which are 
required by national or other agreements, and 
the total result for each employee is then 
recorded on the pay-roll. This form merely 
consists of a convenient summary of the wages 
payable. It is divided up into a number 
of vertical columns giving, respectively, the 
employee’s clock number and name, his gross 
earnings, and any deductions for insurance, 
club, etc., together with the net amount pay- 
able. The different columns are added up and 
a “‘ cash analysis ’’ is made of the total, to show 
the quantity of each coin required to make up 
the individual wages. The sheets should be 
fully signed by every clerk concerned in their 
compilation, and also by the head of the 
department. After this they should go for 
scrutiny and signature by the foremen and 
superintendent of the department to which the 
pay-roll refers, after which they are ready for 
the cashier. 

Paying Out Wages. On receipt of the pay- 
rolls, the cashier’s staff count out the cash 
payable to each employee, and place it either in 
an envelope or tin receptacle bearing the clock 
number of the employee. In the meantime the 
wages due to each employee with details of any 
deductions have been entered by the wages 
department at the top of each clock card, and 
the clock cards returned to their owners. This 
enables each employee to check that he is receiv- 
ing the correct amount of wages. The presen- 
tation of the clock card also forms a convenient 
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form of identification to the paying-out clerk, 
who obviously cannot be expected to know all 
the men’s numbers. Payment may be made on 
presentation of the clock card at the cashier’s 
office, but is more usually done in the shops by 
the cashier visiting each department in turn with 
the corresponding pay packets. Both the 
cashier and a witness should sign the pay-roll, 
and any packets left over should be returned 
to the cashier’s office until claimed. 

The advantages of using transparent pay 
envelopes are that the money can be checked 
by both the cashier and the employee without 
opening the packet, and that the money can be 
more easily handled when made up in that 
form. Where transparent pay envelopes are 
used a rule should be made that any mistakes 
in the cash will not be rectified unless the pay 
envelope is returned unopened. As pointed out 
above it is important that different people 
should make up the pay-roll, count the money 
into the envelopes and actually pay out the 
wages. 

Filing. It is of the greatest importance that 
sound filing methods should be adopted by the 
time-keeping office and by the cost department 
generally. Back records are invariably wanted 
when a dispute arises or even for ordinary 
investigation, and more time will often be 
wasted in trying to find badly filed documents 
than will suffice to put the whole lot in proper 
order. In some works filing is of extraordinary 
importance as detailed costs are not worked out 
in every case, but all requisitions and job tickets 
are filed under their respective order numbers 
until there is some reason for getting out the 
cost of a particular job in detail. Such amethod 
will prove a great saving in clerical expenses if 
it can be adopted, but the results will be — 
fatally incomplete and misleading if the filing 
is anything else than perfect. Atthesame time, — 
the accumulation of old papers is liable to become 
so great in a large factory that it is absolutely 
imperative to lay down some scheme whereby 
papers of different ages in different classifica- 
tions may be automatically destroyed, unless 
especially marked for preservation. The classi- 
fied summaries of the results may be kept, of © 
course, for a much longer period, long after the 
date when it is possible to destroy the details 
from which they have been compiled. 
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By Owen A. Prics, M.I.Mecu.E, 


LESSON IX 


THEORY OF THE CENTRI- 
FUGAL PUMP 


PROCEEDING with our endeavour to obtain 
physical conceptions of the behaviour of moving 
fluid we shall study bodies of water in rotation. 
Commencing with a simple confined forced 
vortex we shall see how other types of vortex 
may be produced and what are their properties. 
From these considerations the behaviour of a 
centrifugal pump will emerge naturally, and a 
tangible interpretation will be found for each 
term in the theory. 

Simple Forced Vortex. Imagine a closed 
cylindrical chamber (Fig. 33) of radius 7, ft. 
filled with water which is stirred uniformly by 
a paddle or impeller. Then, in effect, the water 
rotates as a solid mass, all particles revolve in 
circular paths and each has the same angular 
velocity, say, m radiams per second. Such a 
body of rotating fluid forms a simple forced 
vortex, with the whirling velocity of every 
particle directly proportional to its distance 
from the axis. This whirling velocity w ft. 
per second at any radius ¢ ft. can, therefore, be 
written as w—wrft. per second, which, by 
expressing the relation between the whirling 
velocity and the radius, enables us to calculate 
the vate of change of pressure along a radial 
line. Thus, using the expression derived for 
“ Curved Streams ” 


one er Orr 

La gr g 
from which the pressure, or centrifugal head 
h ft., at any radius is obtainable by integration 


of the pressure to that radius. Thus, ‘integrat- 
ing from zero radius to radius 72, 


2y 2 2 
ee = Fihead 
28 28 

which shows that the lateral pressure, or centri- 
fugal pressure head, at the circumference of a 
forced vortex through which no water is flowing, 
is equal to the head due to the circumferential 
velocity. 

The building up of pressure within the vortex 
in a radially outward direction is illustrated by 


the profile assumed by the free surface (see Fig. 
33) when such a vortex is formed in an open 
vessel. Each particle not only exerts its own 
centrifugal force but has transmitted to it the 
centrifugal force, in the form of centrifugal 
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Fic. 33. CONFINED FORCED VORTEX 


pressure, of all the inner particles along the same 
radial line, the radial banking up of the rotating 
surface being an indication of the cumulative 
increase of centrifugal pressure, and the para- 
bolic profile representing an increase of pressure 
head proportional to the square of the whirling 
velocity. 
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Obviously, also, the difference in pressure 
(h, —h,) ft. head between any two radii, 7, ft. 
and 7, ft., within the forced vortex is obtainable 
by integration of the pressure between those 
two radii, thus 

@? ie a Ge 2 w," 

h,—h, = = ( 5 ace. ft. head. 

Hollow Forced Vortex. With the majority 
of centrifugal pump impellers (see Fig. 27) the 
blades do not extend inwards to the axis, and 


Ws 


CENTRIFUGAL PRESSURE HEAD oF 


WITH DIFFERENT RATIOS OF INSIDE ANO OUTSIDE LIMITS. 
(ANGuLAR VELOCITY = CONSTANT) 
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and the pressure of a smaller vortex equal in size 
to the core and rotating at the same angular 
velocity. 

In the expression just given, w, and w, may 


see ¢ 
be related by introducing the ratio _ and 
2 


writing the equation for centrifugal head in the 
form 


HOLLOW FORCED VORTEX 


CENTRIFUGAL HEAD= (4,-h,) = 
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Fic. 34. HoLttow Vortex CoEFFICIENT 


such blades form a hollow forced vortex in which 
no rotational energy is impressed on the water 
forming the core. The resulting centrifugal 
pressure is given by the above expression with 
7, as the inside radius and 7, the outside radius 
of the blades. Therefore, we find that, if the 
forced vortex is hollow the centrifugal pressure 
head at the outer circumference decreases as the 
size of the core increases, and is equal to the 
difference between the pressure of a full vortex 


whence w, = k Al 2g (h, — hy) ft. per second 


where k = 


The curve of Fig. 34 shows values of k for a 


Y 
range of values of the ratio 2 , and demonstrates 
2 A 


becomes 
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that k may have any value from unity 


: outs ; : 
for a solid vortex with s: = 0, to infinity when 
2 


a approaches 1, and the depth of the blade 
2 


exceedingly small. Therefore the 
whirling velocity for any given centrifugal 


head may have any value from 2g (hg — hy) 
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A true hollow vortex, however, can be formed 
by admitting air to the core, though the result 
is then of no value for pumping. 


Total Energy Head in a Forced Vortex. The 
centrifugal pressure in a vortex is the lateral 
pressure arising from the curvature of the lines 
of motion, as explained in Lesson VIII. Hence 
we may say that the centrifugal pressure in a 
vortex 1s the static head which the rotating fluid 


AN LEVEL oF STILL WATER AT INFINITE RADIUS x 
x 
LA 
woes bed 
ud 
= 
oc 
io 
> 
VORTEX VORTEX 
Y Y 
alx 
of sie 
Y Slo 
By, “|S 
z —DATUM] PLANE THROUGH — Z 
VERTEX OF PARABOLA +-—2—| pinate 
I 
=| - - 
wo 
cw 
RA wn 
ae 
sie Sp, 
sg Se 
ae fe 
=z 2 
Ye + 


Fic. 35. ToTaAL ENERGY IN A FORCED VORTEX 


feet per second to infinity according to the 


een 
eee ee 


r. 
value of —. 
9 


A pump impeller creates an approximation 
only to a hollow vortex because the central 
core is not stagnant water, but is rotated at an 
appreciable velocity by the revolving pump 
spindle, impeller boss, impeller shrouds, and 
inner vane tips. 


can support in a direction at right angles to its 
own motion, as is evident from our expressions 
and as shown in Fig. 33. In addition to this 
lateral pressure the fluid possesses angular 
momentum in consequence of its velocity of 
whirl. 

Consider a forced vortex surrounded by a 
large volume of free water so that the whole of 
the energy of motion is absorbed and reduced 
ultimately to static energy. Thus in Fig. 35 
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the forced vortex (similar in every respect to 
that of Fig. 33) is contained within the radius 
7,, and the whole body of fluid is supposed to be 
included in an indefinitely large open circular 
vessel. 

At the limiting radius 7, of the forced vortex 

Won 

the centrifugal pressure as before is hy = ae ft. 


head, and the water has a velocity w, ft. per 
second. No energy is transmitted to the free 
water beyond radius 7,, and this outer water 
therefore is a free vortex with an induced rota- 
tion by virtue of the angular momentum 
impressed at the cylindrical surface of juncture 
with the forced vortex. Disregarding friction 
losses, no energy can be lost, and therefore the 
impressed angular momentum (or moment of 
momentum) about the central axis must remain 
unaltered throughout the free vortex. Since 
the moment of momentum of unit mass M of 
water at radius 7, is Mwer., therefore 


Mw.r, = M.W.R. = constant 


Wolo 
hovel i es Se 


where W ft. per second = the circumferential 
velocity of whirling and R ft. = the radius for 
any point in the free vortex. Whence it is 


z 
evident that W varies as RK oF, the velocity of 


whirling in the free vortex is inversely propor- 
tional to the distance from the axis. Also, as 
energy is neither given out nor added to the 
free vortex, or, by reason of the freedom of the 
vortex, any inequality of distribution would be 
immediately equalized by the free intermixture 
of the particles in adjoining circular currents, 
hence the distribution of energy is uniform 
throughout and the total energy per unit of mass 
ts constant at all points. 

The free surface of the water is a surface of 
equal pressure (atmospheric), and any change 
of pressure over a horizontal plane passing 
through the vortex will be indicated by a change 
of level at the water surface. 

To determine the lateral pressure changes hy 
through the free vortex over a horizontal plane, 
we can apply the principle of Bemouilli’s 
theorem. That is, the total energy (H, ft. 
head) is constant throughout and equal to the 
sum of the pressure, elevation, and kinetic heads, 
thus, relative to the datum plane ZZ passing 
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through the axis and touching the surface of 
the water at its lowest point, 
2 


Ww 
H,=h, + he + 28 ft. head = constant 
or, 

wo? W? We” 1 
Hem hy (Fe - ae) = hat Se (3 Fe 
ft. head, whence, if the free vortex extends 


indefinitely, R becomes infinitely great and, in 
the limit 


We" 
Hehe 2g ft. head. 


Whence the total energy head created by a 
forced vortex is given by 


2 2 
jo) eas be ) s 5s ft. head, 


2g 
therefore, the total energy of any particle in a 
solid forced vortex is half kinetic and half 
potential. 

As every particle in the rotating mass—both 
forced and free vortex—describes a circular 
path, there being no radial flow, the energy 
transmitted and the velocity distribution are not 
affected in any way by the inclination of the 
impeller blade to the radius. Applying. the 
foregoing results to the centrifugal pump, it is 
clear that when there is no flow through the 
impeller the centrifugal head is determined by 
the diameter of the blades- regardless of the 
curvature of the vane. Also, if the shape of 
the pump casing is unsuitable for the formation 
of a partial free vortex (as is usually the case), 
none of the kinetic head at the periphery of the 
impeller is recovered, and the pressure head 
given by the pump will be approximately, 


2 
hy = — ft. head, 
2§ 

In this expression we recognize Denis Papin’s 
(year 1689) fundamental relation between head 
and peripheral velocity in a centrifugal pump, 
and to which reference was made early in 
Lesson VII. 

Radial Flow through a Forced Vortex. 
Reverting to the cased-in impeller of Fig. 33, 
it is plain that if a hole were drilled in the 
casing a jet of water would escape whilst the 
paddle was in rotation. It would not be 
unreasonable to expect that as the jet possessed 
energy the pressure in the casing would be 
lowered by the escape of water, also that the 
larger the hole the greater would be the escape 
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of water, and the greater the reduction of pres- 
sure inside the casing. Though this is generally 
true, it is not necessarily so as regards the pres- 
sure drop. Whilst the jet is discharging there 
is radial flow through the forced vortex, disturbing 
the concentric paths of motion of the particles, 
and altering them to outward growing spirals. 
With radial flow through a forced vortex the 
velocity of every particle is compounded of two 
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these diagrams v, represents the relative 
velocity, u, is the vane tip velocity, and the 
resultant of the two is V,, usually termed the 
absolute velocity of the water. For computing 
purposes it is necessary to resolve V, into a 
radial component of flow f,, and a tangential 
velocity of whirl w,. Inspection of the dia- 
grams informs us that the velocity of the water 
is no longer identical with the velocity of the 
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Fic. 36. FLow THROUGH A VORTEX—VANE Tip VELOCITY DIAGRAMS 


_ velocities, viz. the velocity along the blade, or 
_ vane, commonly called the relative velocity (i.e. 
“relative? to the vane), and the velocity of 
revolution, usually termed the velocity of whirl, 
the relation between these two components 
being determined by the inclination of the blade 
to the radius. Thus, referring to Fig. 36, the 
outer tip of the impeller vane may be radial 
(A) bent forward (B) relative to the radius, 
or bent backwards (C, D, and £) relative to 
the axis, and the resulting effect on the ratio 
between the centrifugal pressure and the 
velocity energy is different for each case. In 


blade, and that when radial flow occurs through 
a forced vortex the centrifugal pressure head 1s 
determined by the velocity of whirl of the water 
and the kinetic head by the absolute velocity of 
the water. We are also able to discern three 
distinct varieties of forced vortex produced 
respectively by the three types of vane, radial, 
forward-bent, and backward-bent tip, in which, 
when radial flow is in progress, the angular 
velocity of the water is respectively equal to, 
greater than and less than the angular velocity of 
the driving vane. Further variations occur with 
different angularities of backward bent vane tips. 
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By calculating the whirling velocities and 
absolute velocities for different rates of flow 
the curves of Fig. 37 have been plotted showing 
the effect of radial flow on the centrifugal pres- 


2 


WW,” Ped 2 
sure head Oe’ the kinetic head 2g’ and the 
total energy head H, for forced vortices with 
the five vane tips shown in Fig. 36. The 
impeller diameters and peripheral velocities are 
identical for the five cases, and the centrifugal 
pressure head and kinetic head have both been 
taken as roo for the condition when no flow 
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occurs ; the radial velocity of flow f, is plotted 
as a percentage of the peripheral velocity of the 
vane tip throughout, and therefore, the several 
diagrams are strictly comparable. 

The main features, evident from the diagrams, 
are tabulated below for each of the various types. 

The shape and influence of the inlet edges of 
the vanes at the eye of the paddle, or impeller, 
can only be discussed with reference to a given 
rate of radial flow through the forced vortex 
and, therefore, this part of the subject must be 
deferred until a complete centrifugal pump is 
considered. 


WitH No Rapiar Fiow (f, = 0) THROUGH THE VORTEX 


W, = V, = 4, for all vane tip angles 


., the centrifugal pressure head a = 


and the kinetic head 
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WitTH GRADUALLY INCREASING RADIAL FLOW THROUGH THE VORTEX 


Piss ah aa wip through. | Centtifagaly «3 ie Kinetic Head = 12 
36 and 37 Vane Impell ae Pressure Head : 2 
A Radial tip No limit Remains constant at all flows | Increases with increased flow 
Without limitation No limit to increase 
B Forward bent No limit Increases with increased flow | Increases with increased flow, 
tip indefinitely but at a greater rate than 
with radial tip. No limit to 
increase 
C Backward bent | f, = u, tana Decreased gradually to zero | Reduces to a minimum and 
tip a greater at maximum flow then increases to a maximum 
than 45° as centrifugal pressure reduces 
to zero 
D Backward bent | f, = u, tan 45° Decreased gradually to zero | Maximum at no flow and de- 
tip a@ = 45° = at maximum flow | creases to a minimum, then 
increases again to same maxi- 
mum 
E Backward bent Decreased gradually to zero | Maximum at no flow decreases 
tip a = less fo = Uy tana at maximum flow to a minimum and then rises 
than 45° slightly as. centrifugal pres- 
sure reduces to zero 


Where a is the inclination of the vane to the tangent at the impeller circumference’ 
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Lesson II, page go, top. 
The D’Arcy formula shonld read 


Sele (atae i ears 
r=[K( ee x abe 


Lesson VIII, page 958, bottom. 


2 2 
wo w 
— should read — 
Y Y 


Lesson VIII, page 959, last column in lesson, 
wo ee 
= should read = in both cases, 
2 2 
©’ should read —. 
gr &Y 
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“Whirling velocity @’ 
velocity w.”’ 


should read “ whirling 
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METALLURGY FOR ENGINEERS 


By JAMES KNOWLES 


LESSON X 
THE OPEN HEARTH—(contd.)! 


AcID PRACTICE 


_ TuE acid method of open hearth steel making 
is so called because the hearth in which opera- 
tions are conducted is composed largely of 
anhydrous silicic acid (SiO,). 
__ Before a hearth can be put in a new furnace 
the whole must be thoroughly dry. To this 
‘end fires are kept going in the regenerator 
‘chambers for a couple of days before the 
'chequers are built, and smaller ones kindled 
near the manholes of all flues. The column of 
cold air in the chimney is removed by a pilot 
| fire laid on a false grate at the base of the stack, 
and a.coal fire is then built on the furnace 
bottom. Both gas valves are shut down mean- 
‘while, and the reversing valve put on the 
centre so that the products of combustion pass 
through all the regenerators, the necessary air 
being drawn through the open charging doors. 
Before admitting gas, precautions must be 
taken to prevent the formation of an explosive 
mixture in the regenerators or an accumulation 
of unburnt gas in the furnace or exit chequers. 

To ensure ignition the gas is tested for inflamma- 
bility, the-end on which it is decided to work 

thoroughly heated, and blazing wood provided 

near the entry ports. 

' When gas is first admitted no air is drawn 

‘through the valve, but is supplied through the 
doors. These are lowered as the gas becomes 
hotter, and the air valve gradually raised until 
normal working conditions obtain. In order to 
attain a good temperature in the exit chequers 
several hours elapse before the first reversal is 
ade, but afterwards the intervals are pro- 
ressively lessened until regular periods of 
20 minutes to half an hour are adopted. 

The Charge. Most specifications for acid 
Siemens steel call for low sulphur and phos- 
horus contents, a common maximum allow- 
ance being 0-04 per cent, and it is unusual for 
this to be extended beyond 0-06 per cent even 
for dead soft qualities. 


1 The author is indebted to The Park Gate Iron 
& Steel Co., Ltd., for the loan of and permission to 
reproduce the photographs illustrating this lesson, 
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The composition of the charge depends to a 
large extent on the specification, but other 
almost equally important factors are the cost 
of materials and the abundance, or scarcity, of 
suitable scrap. Whilst the pig-iron to scrap, 
ratio may be anything from 75 : 25 to 25: 75 
a proportion of 60:40 may be considered a 
good average. One hundred per cent pig 
charges are not unknown, however, and during 
the war many “all scrap’’ heats were worked 
along with some carbonizing material, such as 
anthracite. The excess pig in the charge is 
largely controlled by the sulphur content and, 
generally speaking, the greater the proportion 
of pig the longer will be the melt, owing to the 
larger percentage of carbon present. 

Sulphur increases during melting due to bath 
concentration and absorption from the producer 
gas, whilst phosphorus is not reduced. If the 
notes in Lesson VIII, regarding the influence of 
temperature on the relative affinity of silicon 
and carbon for oxygen, are remembered, the 
importance of limiting the initial silicon content 
to about 0-75 to 1:0 per cent will be appreciated. 

The pig-iron generally used is a mixture of 
Bessemer hematites Nos. 1, 2, and 3. Now, 
with English hematites, it is almost impossible 
to obtain regular and plentiful supplies of low 
silicon, low sulphur grades ; when the latter is 
low the former is high and vice versa. Hence, 
if S and P contents of less than 0-04 per cent are 
required, a fair proportion of Swedish white pig 
may be included in the charge. The scrap 
introduced should be as near as possible to the 
chemical composition of the desired steel and 
suitable as to mechanical condition, very light 
scrap tends to increase the sulphur. 

To assist in giving a clear idea of the com- 
pounding of charges, the following typical 
analyses of various constituents are given— 


a Swedish 
eee ‘He oat te | White See 
. % % % % 
Combined Carbon +50 “45 3°75 20 
Graphite . 3°50 3°50 — - 
Silicon : 2°40 2°25 “16 o4 
Manganese é +30 "75 +30 “55 
Sulphur . : 02 03 ‘OL “05 
Phosphorus . 03 705 “O02 -06 
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A 50 : 50 charge consisting of the East Coast 
iron and scrap mentioned above would run: 
C 2:07, Si 115, Mn 0:65, S 0-04, P 0:055. 
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should at least be in the neighbourhood. of 


1,550° C. 
There are several methods of charging, of 


This may, perhaps, be considered a little high which the following may be mentioned— 


in silicon and could be rectified by using a 


1. British : all the pig and then all the scrap. 


Fic. 15. CHARGING SIDE oF SIEMENS FURNACE ~ 


larger proportion of scrap, but an increase in 
sulphur and phosphorus would automatically 
follow. Conversely, a lower sulphur and 
phosphorus could be obtained by using more 
pig. 

Charging. The tap hole is made up by 
inserting a plug of anthracite from the outside, 
which is held in position by a stopper until the 
inside is filled with small coal. This is covered 
with dry white sand, and the outside filled up 
with anthracite breeze and undried white sand 
and finally rammed with loam. The ‘hearth 
must be soaked with heat, and not merely super- 
ficially hot, before charging is commenced, other- 
wise the difficulties associated with cold working 
will be encountered, The initial temperature 


The scrap, being quickly oxidized is charged 
last to obviate the danger of it eating into the 
hearth. 

2. American: the reverse of the foregoing. 
In this case quick melting is essential. 

3. A mean of both—half the pig, half the 
scrap, remainder of pig, remainder of scrap. 

4. Pig charged at intervals, with accompany- 
ing ore additions after the first charge is melted, 
the scrap being gradually added to the molten 
pig. ; 

In the larger furnaces charging is done at 
intervals to avoid a serious reduction of tem- 
perature, and may be carried out by hand or 
mechanically. 

Hand charging, slow and laborious though 
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it may be, is the method common to most 
furnaces up to 30 tons. This involves the use 
of a tool known as a “ peel,’’ which is a long steel 
_ bar flattened out at one end so as to carry a 
half pig, with a loop handle at the other. The 
furnaceman supports the flat end on the jamb 
of the door whilst the piece is put on, then 
rapidly slides the peel into the furnace and pro- 
jects the half pig into the desired position. A 
charge, neatly arranged so that all portions of 
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contents, and replace it on the bogie. This obvi- 
ously results in a considerable saving of time. 
Fig. 15 shows the working stage of a Siemens 
furnace with charging machine in position. 

On many plants, particularly those in which 
the Talbot process is also worked, direct metai 
is charged. Iron from the blast furnace is 
taken to the melting shop-and poured into a 
large capacity mixer, from which it is tapped off 
as required, and charged into the open hearth 
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the banks and hearth are protected by iron 
against the cutting action of the scrap, must 
be seen for the surprising skill of the workmen 
to be fully appreciated. Heavy scrap is simi- 
larly charged, whilst lighter varieties and the 
ore are thrown in with a shovel. 

__ Mechanical charging is in general use for 
furnaces above 30-40 tons capacity. Charging 
machines, electrically driven, may be either 
ground or overhead type. The steel making 
materials, previously weighed out in the assem- 
bling. bay, are packed in specially designed 
boxes, and either hoisted on to the stage by 
cranes or run up on bogies. The machines are 
so designed that they can pick up a box, slew 
round, push it into the furnace, empty the 


5 


furnaces by means of a ladle slung from an 
overhead crane. 

Melting. Charging completed, the furnace is 
put on gas and melting carried on as quickly 
as possible. When the melt is overhead—all 
solid portions submerged in molten metal— 
unmelted pieces must be kept loose from the 
bottom to prevent them eating into the hearth. 
The atmosphere of the furnace is an oxidizer 
and, therefore, the formation of a protective 
covering of slag must be carefully watched. If 
the charge does not appear to be making 
sufficient a few shovelfuls from a previous heat 
are thrown in. In about three hours the bath 
should be clear melted, by which time a partial 
removal of manganese, silicon, and carbon will 
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have been effected. Thus far the oxidation is 
relative, and assuming that the 50 : 50 charge, 
quoted earlier, is being worked, the approximate 
composition of the clear melted bath would be: 
C 1-8, Si 0-90, Mn 0-25 per cent. 

The Boil. The next phase is one of selec- 
tive oxidation whereby the remaining silicon, 
manganese, and as much of the carbon as 
desired are removed. The reactions are closely 
analogous to those in the Bessemer converter 
with the important difference that the oxygen is 
provided in “‘solid’”’ form—iron ore (Fe,Q3). 
Ore is accordingly added as fast as the slag 
will take it although, at best, this can only be 


Clear Boil Tapped 

melted commenced after 
%, Ferro-Mn. 
2:0 addition 


CARBON 


15 


FOP te 


O5 / 050 
0:20 
------------l 0-07 

0 10 


Fic. 17. DIAGRAMMATIC REPRESENTATION OF 
REMOVAL OF PRINCIPAL ELEMENTS IN ACID 
SIEMENS CHARGE 


done gradually. The manganese and silicon, 
combining with the oxygen, form manganous 
oxide (MnO) and silica (SiO,) respectively, and 
pass into the slag. 

In metallurgical processes slags are the sili- 
cates formed by the combination of silica with 
alkaline earths and metallic oxides. As the 
percentage of silica increases, so does the 
viscosity of the fluid slag and, in furnace par- 
lance, the sequence of the terms “ thin,” 
“thickening,” “thick,” and “off the boil” 
indicate this increase. The two important 
constituents of acid open hearth slag are silica 
and iron oxide. When the charge is clear 
melted the slag usually contains about 45 per 
cent SiO,, and with the bath nicely on the boil 
this figure is remarkably constant at 49 per cent. 
To quote Longmuir,! “ the purpose of the iron 


1 Elementary Practical Metallurgy (Longmans, Green 
& Co,). 
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ore added is to maintain the slag in such a 
condition as regards its content of oxide of iron 
that it will act vigorously on the metal below, 
removing fromit carbon, silicon, and manganese.” 

Until practically all the silicon has been 
oxidized the bath will not come on the boil and, 
for a good boil, two other factors are of vital 
importance—a sufficiently high temperature and 
a correctly constituted slag. The boil, of 
course, denotes the decarburization of the bath, 
and feeds of ore are made as the slag shows signs 
of thickening. The carbon content drops 
steadily, and the rate of fall is systematically 
checked and tabulated by rapid “ colour car- 
bon” analyses of spoon samples taken fre- 
quently and regularly. On the information 
thus obtained operations can be stopped at any 
desired point, when the bath is got into condi- 
tion and tapped. If, for any reason, the car- 
bon is found to have fallen too low, rectification 
can be made by fpigging back. A sufficient 
weight of pig is charged to increase the percen- 
tage slightly above that desired, and matters 
proceed as before. Should the carbon “ hang 
up ’’—the rate of fall be arrested—this can be put 
right by ‘“‘rabbling”’ or lime additions. The 
rabbling operation consists. of stirring the bath 
with a long stéel bar, whilst lime has the effect 
of liberating small amounts of FeO from the slag 
and thus supplying a limited amount of oxygen. 

Finishing. When nearing the requisite car- 
bon percentage the slag should be allowed to 
thicken so that the fall is steadied and, with 
good practice no’ ore should be necessary for 
at least an hour before tapping. Wild and 
fiery steel will result from tapping a heat too 
soon after an addition of ore. Deoxidizers, 
such as ferro-silicon, ferro-manganese, and 
aluminium are necessary to ensure soundness 
of the finished steel, and as both of the firs 
two contain carbon, allowance must obviousl 
be made for this addition. If charged into th 
furnace these agents are broken up and pre 
heated to redness in a small sand furnace, bu 
may alternatively be fed into the stream o 
steel during tapping. Aluminium is added t 
the ingots by throwing a small piece into eac 
mould as it is filled. e 

Tapping is carried out by picking away th 
clay filling of the tap hole by means of a pointe 
bar. If it is too hard then the bar is knocked 
through with a sledge hammer and withdra 
by means of blows upon a steel wedge whic 
fastens a strong steel ring previously placed 
round the pricker bar. 
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LESSON XII 


THE MAGNETIZATION 
OF IRON 


N dealing with the magnetic effects of an 
electric current in Lesson VII, it was shown 
that a coil of wire carrying an electric current 
‘sets up a magnetic field, and that a piece of iron 
inserted in the coil behaves in exactly the same 
manner as a permanent magnet. In other 
. words, the iron is magnetized through the agency 

of the current flowing in the magnetizing coil. 
To create a flow of magnetic lines in a magnetic 
circuit, it is necessary to have a magnetomotive 
' force, and it is the function of the magnetizing 
‘coil to create this force. The number of mag- 
netic lines induced will be inversely proportional 
' to the resistance or reluctance of the circuit, 
and the relationship between the three factors 
involved in a magnetic circuit is very similar 
to that for the electric circuit, thus— 

Magnetic flux (®) 
magnetomotive force (M) 
= reluctance (Z) 


_ (42) 


. The magnetomotive force (M) is solely 
dependent upon the product of current (J) 
flowing in the magnetizing coil, and the number 
‘of turns (S). This product (JS) is termed 
the ampere-turns of the coil. The magnetic 
‘resistance or reluctance (Z) is dependent on the 
dimensions and nature of the magnetic path. 
1. Magnetomotive Force of a Coil. The 
magnetomotive force of a coil as deduced from 
first principles is given by the formula— 


47 
M=— IS (43) 
where M = magnetomotive force 
J =current in amperes 
S = number of tums in the coil 
(7S) = ampere-turns of the coil. 
2. Reluctance of a Magnetic Circuit. The 


eluctance of a magnetic circuit, of uniform 
oss-section and comprising the same medium, 
proportional to the length, and inversely 
oportional to the cross-sectional area. There 
, however, another factor involved in a magnetic 
ircuit, and this is the permeability, or magnetic 
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conductance, of the medium through which the 
magnetic lines flow. It has previously been 
pointed out that magnetic materials, such as 
iron, cobalt, and nickel, offer considerably less 
resistance to the flow of magnetic lines than do 
non-magnetic mediums, such as air, and non- 
ferrous materials. In the case of the magnetic 
materials, the permeability (~) varies with the 


‘flux density, and is greatly dependent upon the 


Fic. 89. A SOLENOID 


composition and structure of the material. On 
the other hand, the permeability of non-magnetic 
materials—like that of air, which is taken as the 
standard—is unity for all flux densities. 

For a magnetic circuit of uniform section and 
having the same medium, the reluctance is 
determined from the formula— 


l 
L= An (44) 
Where, / = length of circuit in cms. 
A = cross-sectional area in sq. cms. 
f& = permeability. 


Generally, a magnetic circuit consists of 
different mediums of varying dimensions. The 
determination of the flux in a composite mag- 
netic circuit is a relatively simple matter, since 
the total reluctance is the sum of the separate 
reluctances of each portion. The flux is given 
by the expression— 


Pais 
Flux = 0 = =e - (45) 
l : a I, 
Au * Ayu, * Aste 


The flux density (B) in lines per sq. cm. for 
each portion of the circuit will be Fear a and 
ea 


® pee 
— respectively. 
Az 
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3. The Magnetizing Effect of a Solenoid. A 
solenoid is a coil at least twenty times its 
diameter in length, and the flux induced in it, 
when the medium is air, can be accurately 
calculated. Such a coil is shown in Fig. 89, 
and consists of S turns of insulated copper wire 


Fig. go 


wound on a long tube of non-magnetic material. 
It can be proved that the reluctance of the 


l 
complete magnetic circuit is equal to Z 90 that 


by bending the coil into ring form as shown in 
Fig. go, the flux threading the coil will remain 


unchanged. 
In either case, the flux may be expressed as— 
4 
Fiuxo gee) 
IJA say 
® 4n1IS 
or, Ce ea. (46) 


The flux density in the coil is clearly H, and 
the length (/) for the ring form will be the mean 
length of the magnetic path. The quantity H, 
in lines per sq. cm., is known as the magnetizing 
force exerted by the coil. If instead of air, we 


have an iron core in the solenoid, then the flux 
density (B) will be very much greater, since 
Magnetizirng 
Coil. 


Ballistic 
Galvo 


Iron Ping 
Fic. 91. CONNECTIONS FOR MAKING A PERMEABILITY 
TEST 

iron provides an easier path to the flow of the 

magnetic lines. The ratio B/H is the perme- 

ability of the iron for that particular magnetizing 
force H. We thus have 

B= BIE 


(47) 
B =i xXx 18h 


or, 


ENGINEERING EDUCATOR 


4. The Magnetization of Iron. The perme- 
ability of any material may be readily deter- 
mined from equation (47) if we have means 
whereby we can measure the flux density (B) 
corresponding to a given magnetizing force H. 
For the purpose of making a test of this kind, 


Saturation Point 


Fic. 92.. A MAGNETIZATION CURVE 


the apparatus illustrated in Fig. 91 is employed. 
A ring of the material to be tested is uniformly 
wound with a magnetizing coil connected to a 
battery, through a reversing switch, which 
enables the current in the coil to be reversed 
and, in like manner, the flux in the iron ring. 
A rheostat (B) is inserted in the circuit to con- 
trol the current, the value of which is indicated 
by the ammeter (A). The number of magnetic 
lines in the iron ring is measured by means of a 
“search coil’ (C), wound on the iron ring 
underneath the magnetizing coil, and compr'sing 
a few turns (about 50) of No. 42 or 44 S.W.G. 
wire. This coil is connected to a_ ballistic 
galvanometer in series with a resistance, which 
is usually a plug resistance box. 

The modus operandi is as follows— , 

(a) Adjust the current in the magnetizing coil 
to’some definite value J. 


(6) Reverse the switch (A) several times in © 


quick succession to bring the flux in the iron 
ring to a stable condition corresponding to a 
particular value of H as determined by equation 
(46). During this operation, the “ shorting” 
switch (D), in the galvanometer circuit, should 
be held closed to ensure that the galvanometer 
is not disturbed. 

(c) Next open switch (D) and quickly throw 
over the reversing switch (A). The galvano- 
meter will then give a momentary deflection, 
which we will call d. 


ELECTRO-TECHNICS FOR MECHANICAL STUDENTS 


Now the ballistic galvanometer measures the 
quantity of electricity discharged through it, 
when the flux in the iron ring is reversed, and 
it can be shown that this quantity is given by 
the equation 


(48) 


S,; = number of turns on the search 
coil C 

@ = flux in the iron ring before and 
after reversal 

R = total resistance of the galvano- 
meter circuit. 


The coulombs per division on the galvano- 
meter scale can be determined by calibration, 


25,0 
= FoR coulombs 


Where, 
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further increase in H results in little or no 
increase in flux, as indicated by the galvano- 


meter deflection. For any given value of current 
the value of H will be— 
47 IS 
ton 
and the flux density B will be 
B=O90/A 
where, © = flux as determined from equation 
(49), 
and, A = cross-section of the iron ring in 
sq. cms. 


By plotting the values of H as abscissa, and 
the corresponding values of B as ordinate, we 


Seethaae 


‘ 
O 
ie “ 
cost 
os a 
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and if we denote this quantity by K, then the 
coulombs Q corresponding to a deflection @ will 
be Kd. Equation (48) can now be written— 


25, O 
Kd = [OER 
and the value of the flux is then 
8 
_— | rind tan) 
255 


It will be clear from this that the flux in the 
iron ring is directly proportional to the deflection 
d, and as all the factors within the brackets are 
known, the flux corresponding to any value of 
_ H can be readily calculated. 

The cycle of operations (a), (6), and (c) is 
_Tepeated for increasing values of H until any 


obtain a magnetization curve such as that 
shown in Fig. 92, which is typical of all grades 
of iron. Reference to this curve will show that 
magnetization curves for iron may be divided 
into three parts, viz.— 

(a) In which the flux density B increases 
slowly with increase in magnetizing force. This 
applies for small values of H up to Hj. 

(6) That portion in which the rate of increase 
in flux density B for increasing values of H is 
very rapid, corresponding to magnetizing forces 
from H, to Hy. 

(c) The last portion of the curve between 
values of H, and H,; in which the rate of 
increase in B is extremely gradual even for 
large increases in magnetizing force. The point 
corresponding to H, is called the saturation 
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point, and for ordinary dynamo iron, H, 1s about 
100. 

The dotted curve shown in Fig. g2 is the 
“ permeability curve,” and is obtained by plot- 


Fic. 94. HystErEsis Loops 


ting the ratio B/H =m, as calculated for 
different points on the curve, against corre- 
sponding values of H. For dynamo sheet iron, 
the permeability attains a maximum of about 
3,900 at quite a low value of H, after which it 
falls off with increase in magnetizing force, and 
at a H value of 100, corresponding to the 
saturation point, the value of mw is of the order 
of 180. Typical magnetization curves for 
samples of stalloy, malleable, and cast iron are 
given in Fig. 93. 

5. Hysteresis. Whenever steel or iron is 
magnetized, it will be found to possess residual 


Flux Slowing througk section 
Qway from observer. 


Flux creasing Flux decreasing 
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magnetism, after the magnetizing force is 
reduced to zero, Expressed another way, the 
curves connecting B and H for increasing and 
decreasing values of H are different. The 
residual magnetism for steel is much greater 
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than that of soft iron, but even for soft iron the 
ascending B—H curves are different. “a 

With apparatus as shown in Fig. oI, it is 
possible to determine the values of B corre- 


., ral 
Eddy Currerts 
Solid Sectiore Larzirated Sectior 
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sponding to increasing and decreasing values of 
H, when a piece of iron or steel is taken through 
a complete cycle of magnetization. Plotting 
the values of B against corresponding values of 
H for the various stages in the cycle of magne- 
tization, curves as shown in Fig. 94 are obtained. 
Briefly, the stages are as follows— 

(a) Starting from zero and increasing the 
magnetizing force to + H, the B-H curve is 
that indicated by the dotted line. 

(0) Gradually reducing the magnetizing force, 
the flux density falls along curve AB from the 
maximum value B,, to the value B, termed the 
vemanence, and denoted by Br. : 

(c) To still further reduce.the flux density, 
the current in the magnetizing coil is reversed, 
in order to apply a demagnetizing force, or a 
negative H. Increasing values of — H reduce the 
flux density along curve BC until, corresponding 
to a demagnetizing force Hc called the coercive 
force, the flux density is again zero. 

(d@) Further increase in —H results in an 
increasing flux density of opposite polarity, 
along curve CD, to a maximum —B,,,. 

(e) Reducing —H, the flux density falls along 
DE to a value E, when the magnetizing force 
is again zero. 

(f) The current in the magnetizing coil is 
again reversed to flow in the original direction, 
in order to reduce the flux density to zero at F. 

(g) Completing the cycle, the magnetizing 
force + H is increased until the flux density is 
again a maximum at A corresponding to + B,,. 

In plotting the curves for stages (b) to (g) 
inclusive, a closed loop ABCDEFA, called 
the hysteresis loop, is obtained. This loop is a 
measure of the energy dissipated as molecular 
friction and appearing as heat, when iron or 


—— 


{ 
4 
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steel is taken through a complete cycle of 

magnetization. This energy loss can be proved 

mathematically to be exactly proportional to the 

area of the hysteresis loop. When B is expressed 

as lines per sq. cm., the energy loss per cycle 

per cu. cm. of iron is given by the equation 
area of hysteresis loop 


Hysteresis loss = an ergs. 


In commercial calculations, it is usual to express 


frequency 50 cycles 
my eney 0-018 


8000 
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Sir Robert Hadfield, and manufactured by 
Joseph Sankey & Son, Bilston. It is an alloy 
of iron containing 3-4 per cent silicon, and has 
the advantage of low hysteresis loss and high 
specific resistance (p), whilst the permeability 
is little inferior to that of soft dynamo sheet 
iron. 

The hysteresis loss per pound of iron per 
cycle for any particular grade of iron increases 
with increase in the maximum flux density 


B. Lines per sq. cm. 
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the hysteresis loss in watts. If the maximum 
flux density attained for each cycle, the cycles 


_ per second, and the total weight of material be 


known, the calculation of the loss in watts is a 
relatively easy matter. 

The hysteresis loss in large alternators and 
transformers may be many kilowatts, and 
considerable attention has therefore been given 
to the manufacture of special grades of sheet 
iron in order to reduce the hysteresis loss. One 
of the most notable alloys is stalloy, invented by 


(B,,), mm accordance with a law expressed as _ 
follows— ; 
Hysteresis loss = ».B> 
where, » = hysteresis constant 
B,, = maximum value of flux density 
= aconstant ranging from I°5 to 2:0. 
For general application Steinmetz’s law 
n B18 may be used, although it is not always 
safe to assume that k is 1-6. For very low 
values of B,, the constant k is probably greater 
than 2. 


™m 
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6. Eddy Currents in Iron Circuits. The 
deleterious effects of eddy currents in iron have 
previously been referred to in Lesson VIII. 
It follows from Lenz’s law that eddy currents 
will circulate in any mass of iron, in which the 
lines of force are changing, and the direction of 
these currents will be such as to oppose the 


+B 
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change of flux that gives rise to them. The 
diagram in Fig. 95 will serve to illustrate this 
point. 

Eddy currents produced by reaction cause a 
retardation tn the rate of change of flux, and also 
cause a dissipation of energy which reappears as 
heat. These effects are overcome by laminating 
the iron circuit in which rapid changes in flux 
occur. The purpose of laminating the iron cir- 
cuit is to constrain the eddy currents to separate 
paths in separate laminations, as illustrated in 
Fig. 96, thereby reducing their magnitude and 
effect. For given conditions, the eddy current 
loss in watts, varies directly as the square of the 
thickness of each lamination and inversely as the 
specific resistance (p) of the material. Also, the 
loss varies as the square of the flux density. 

7. Energy Losses Due to Cyclic Magnetiza- 
tion. In iron circuits subjected to cyclic 
magnetization, the energy loss is the sum of the 
hysteresis and eddy current losses, and is 
termed the total iron loss. Total iron loss 
curves for two grades of iron, reproduced from 
a publication issued by Joseph Sankey & Son, 
are given in Fig. 97. 

The watts loss per pound is very nearly 
proportional to B? as shown by the following 
equation— 

Total watts loss = n-B1:6 + kB? 
where, » = hysteresis constant 
k = eddy current constant. 


The following table giving the relative per- 
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centages for hysteresis and eddy current losses 
for stalloy iron at frequencies of 25, 50, and 
100 cycles per second, shows that at moderate 
frequencies, k is always much less than n— 


Hysteresis Loss | Eddy Current Loss 


Flux Density 
5 B 


Lines/Sq. Cm. 25 50 100 25 50 100 


% h % % % % 
83 


5,000 90 71 TO" 7 2G 
10,000 89 80 67 TE 20) 135 
15,000 88 78 64 £2 22 536 


PERMANENT MAGNET STEEL 


Permanent magnet steels are employed in the 
manufacture of many types of electrical appara- 
tus, examples of which are, electric meters, 
telephone generators, electrical tachometers, 
small generators for motor-cycles, and magnetos 
for ignition purposes on internal combustion 
engines. 

I. Criteria of Magnetic Quality. In general, 
the ability of a permanent steel magnet to 
provide a given flux under normal working 
conditions, is dependent on the shape of that 
portion of the hysteresis loop shown by BC in 


Lines per sg.cm. 


Fic. 99. Typicat B—H anp B x H Curves 
FOR TUNGSTEN MAGNET STEEL 


Fig. 98, since the area OBC is a measure of the 
energy stored in the magnet. The remanent 
flux density in a magnet after the magnetizing 
force has been reduced to zero is represented 
by Br, and the value of the demagnetizing 
force H, necessary to reduce the flux density to 
zero is the coercive force or retentivity of the 
magnet. 


ELECTRO-TECHNICS FOR 


Knowing the shape of the B-H curve BC, 
the approximate flux density in the magnet can 
be determined by drawing a line OE, such that 
tan 6 is equal to the total reluctance included 
in the magnetic circuit. For example, the 
total reluctance in a well-designed magneto 
employing tungsten steel magnets, corresponds 
to a demagnetizing H of about 35. This is 
represented by OD in Fig. 98, and the working 
flux density corresponding to this reluctance is 
indicated by DE. 

{ If we have two magnets having B—H curves 
as shown by BEC and BFC, the working flux 
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coercive force of 60, whilst the (BH,,,2.) value 
varies between 260,000 and 320,000. Steels 
containing about 2 per cent of chromium which 
have slightly poorer characteristics than tung- 
sten steel, are also largely used. 

2. Magnet Steels. In 1920, patents taken out 
by a Japanese firm disclosed the composition of 
a steel containing 35 per cent cobalt, and much 
smaller percentages of either molybdenum, 
chromium or tungsten, for which remarkably 
high magnetic characteristics were claimed. 
This steel has since been found to be capable of 
giving a coercive force of 250, a remanence of 


Fic. 100. COMPONENTS OF*A SMALL MoOTOR-CYCLE LIGHTING GENERATCR 


densities will be DE and GF respectively. 
Now, whilst these two magnets have the same 
values of Br and He, it will be seen that the 
flux density under working conditions of that 
represented by BEC is greater than that of 
magnet BFC. Clearly then it is necessary to 
have some indication of the shape of the B—H 
curve as well as the values of Br and He, and 
this is best shown by a (B x H) curve, obtained 
by multiplying successive values of the demag- 
netizing H by the corresponding values of the 
flux density. Such a curve is shown in Fig. 99, 
giving typical magnetic characteristics for a 
tungsten steel magnet. It is now universally 
agreed that the true criterion of quality of a 
permanent steel magnet is the maximum 
product BH,,,,. 

The steel most extensively employed in this 
country for permanent magnets is one contain- 
ing 5 to 6 per cent tungsten. This steel has a 
remanence of about 10,000 and an average 


about 9,000, anda (BH,,,,.) of 1,000,000, which 
is roughly three times the (BH,,,2.) value of 
tungsten steel. This means that the length and 
weight of-a 35 per cent cobalt steel magnet 
would be one-third that of a tungsten steel 
magnet for a given application. It is not sur- 
prising, therefore, that cobalt steel is finding 
increasing applications for all types of electrical 
apparatus, and especially on magnetos for 
aircraft, where weight is of paramount impor- 
tance. Whether it will ultimately displace 
tungsten and chromium steels will very largely 
depend upon the prevailing price of cobalt, 
which at the moment does not permit of its 
widespread application. Other grades of cobalt 
steel, containing 15 and g per cent of cobalt, 
and having (BH pax.) values of the order of 
620,000 and 450,000 respectively, are now 
employed for magnetos and small motor-cycle 
lighting generators, an example of the latter 
being shown in Fig. roo. 
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LESSON I 
THE BALANCING OF REVOLVING 
MASSES 


From his knowledge of Dynamics the student 
should already be acquainted with the meaning 
of centrifugal force, Wit it will be as well to 
recapitulate briefly the results, 

When a body of weight W Ib. revolves in a 
circle of radius vft. with wniform angular 
velocity w tadians per second, then the body is 
stibjected to an acceleration wy ft. per second 
per second radially towards the centre of the 
circle, 

In other words, in order to keep the body 
moving in # circle # force of magnitude 


i ~ wy Ib-wt. 
mist act wpon it, and this force is called the 
centripetal force, since it acts radially inwards. 

If, however, the body is connected to the 
axis of revolution by a rigid or flexible link, 
this link will be in tension and exert on the 
body the required centripetal force inwards, 
The body, of necessity, exerts on the restrain- 
ing link an equal and opposite force called the 
centvifugal force since it acts radially outwards, 

Thus, any shaft which carries loads, whose 
centres of gravity do not coincide with the axis 
of rotation, eg. crank webs, ete., will, when 
revolving, be subjected to centrifugal forces 
which will tend to set up vibrations and cause 
increased pressures on the bearings, resulting in 
wasted energy and unnecessary wear and tear, 

Such forces are called Dynamic Loads on 
the shaft, and it is obvious that in the design of 
Any system we must endeavour to arrange these 
loads such that the centrifugal forces exerted 
inay form a system in equilibyivm, thus mutually 
neutralizing their effects on the shaft, In 
other words, the shaft is balanced as regards 
revolving masses, 

A short digression will here be made to 
discuss vector quantities and their addition and 
subtraction, since a simple semi-graphical 
inethod of dealing with balancing problems 
involving their use, which was developed by 
Professor Dalby, will here be followed, 


A vector quantity, then, is one, which, in order 
to be completely specified, must be known both 
in magmtude and direction, the latter including 
sense of action. 

Force, velocity, acceleration, couples, are 
examples, it being of no value merely to state 
the magnitude of such quantities; direction 
also must be given. 

Such quantities may obviously be represented 
by straight lines, drawn parallel to the direc- 
tions of, and of lengths, to scale, equal to the 
magnitudes of the respective quantities. 

These lines are termed vectors, and an arrow 
head indicates their sense. 

It is assumed that the reader has studied the 
elements of Statics and is familiar with the 
“ polygon of forces,’ by which we are enabled 
to determine graphically the resultant of any 
number of forces acting at a point in one plane. 

All we really do is to draw the various 
vectors representing the forces, “add” them 
together and find their vector sum, i.e. their 
vesultant. 

What is true for forces is equally true for any 
vector quantity, and therefore by means of a 
vector polygon we may find, graphically, the 
vector sum or resultant of any such quantities. 

In balancing problems we shall be dealing 
with centrifugal forces acting radially outwards 
from a shaft, and also, as we shall see, with 
couples produced by these forces about any 
given point along the shaft, and it will be our 
object to determine the resultant force and 
resultant couple acting. This will be done by 
means of the “ polygon of vectors ”’—the con- 
struction of the force polygon should need no 
explanation here, but in case the procedure is 
unfamiliar to the studerit a brief description is 
here given, 

In Fig. 1 (a) the directions of three forces 
acting at a point in one plane are indicated as 
well as their magnitudes, i.e. 1, 3, and 2 lb. 
respectively. 

The vector xy, Fig. 1 (b), represents the force 
of 2 lb, since it has been drawn parallel to the 
direction of this force, and its length has been 
made 2 units to scale. The arrow-head shows 
the sense in which the force acts. 

To find the resultant of these three forces 
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their vectors are “ added’ by placing them end 
to end, the arrow-heads all following one another 
in one direction as shown in Vig, 1 (c), The 
closure of the polygon so formed represents in 
magnitude and direction the resultant of these 
forces, The direction sense is in opposition to 
the arrow-heads of the force vectors as shown, 

It does not matter in which ordey we take the 
vectors, a8 is shown by Vig, 1 (d), the resultant 


(a) (b) 


Fic, 5 


is always the same, but it is most important 
to see that the arrow-heads are in the right 
direction and taken in order, 

If a polygon should close, this means that 
there is no resultant effect on the point at 
which the vector quantities act, or, in other 
words, these quantities neutralize one another, 
_ Let us now take our first problem in balanc- 
ng— 

To balance any number of masses revolving 
in one plane of revolution perpendicular to the 
shaft or axis. 

Suppose we have a series of masses of weights 
Wy W, Ib, etc,, at vadil Y\, Vn, if eee ft, 
respectively from the axis of revolution and all 
in the same plane, as indicated in end elevation 
in Fig, 2 (a), then the resultant dynamic load on 
the shaft will be the vector sum of all the 
centrifugal forces set up, Le, 


W 
g rer vfe yy 


R = vector sum 24) ry -+- 
. oF .. 
ie. R= rz ¥ Wrib. wt., 


where XY means “ vector sum of,” 
By drawing a “ polygon of forces” for this 


IAp) 


system we can obtain graphically the magnitude 
and direction of this resultant &, 


4 
Ws ; 
Note that, as 7 is & constant for all the 


forces, these are proportional to Wy and, tn 
drawing the polygon, the sides need only be 
constructed representing Wr, 

Such a polygon has been drawn in Wg, 2 (b) 
for the case shown, 

‘The dotted line forming the closure represents 
in magnitude Wy, Le, KR, which sets in the 
direction shown, 


To take a concrete example let 


Wy = 7'5 lb, r, = ain, 
W, = 2 Ib, t, = 3 in, 
W, = 10 Ib, t= Tin, 
Then Wir, = [5 

Wy, = 0 

Wis = 10 


These values of Wy have been sealed off ow 
the “ force diagram,” Vig, 2 (b), being taken in 
order in an anti-clockwise direction, and the 
closure of the polygon is found to be 

LW = 160, 
Thus, at w radians per second the dynamic 
load on shalt is 
109) 
- 34% ¥a 
(The values of y having been taken in inches.) 

Valance of this system can at once be effected 

by arranging a weight W, at radius 7,, such that 


K KX ti = O44 OF WD, Why 


/ 
- We tyO 
N// 
VPA | 
4 
PA Wipyeb 
Wire lG 
0 i 
““Tuale £ We 
i) 
Wig, 2 


the centrifugal force it sets up is equal and 
opposite to KR, i.e, 


Wy "oie  — 
-" rf an Rw 5 Wr 
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or =Wen= > Wr. 


2 
In other words W,”%, . = is the eguilibrant E 


of the forces and the force polygon now closes, 
there being no unbalanced force. 

In the example considered, if we took W, 
= 5 lb., then 7, would have to be 16:9 — 5 = 
3°38 in. 

The one condition necessary that any number 
of forces in one plane should be in balance is 
that 

The force polygon must close, i.e. SWr = o. 

To balance any number of masses revolving 
in separate parallel planes. 

Consider first two masses arranged radially 
opposite one another on a shaft, such that 

—- Wy, = Ws, 
but in separate parallel planes distant x apart. 

Fig. 3 gives a pictorial view of these condi- 

tions. Each weight sets up the same centri- 


Fic. 3 


fugal force F on rotation, so that the force 
polygon closes as before, but the shaft is not 
now i balance being subjected to a couple = Fx. 

We are thus faced with the further problem 
of dealing with couples as well as forces, and 
in order to visualize their effects, let us first 
of all consider the effect that a force F, acting 
on a shaft in any plane of revolution A, has in 
regard to any other parallel plane B. 

In other words, if the shaft were imagined to 
be held only at the point B, what effect would 
a force F at A produce at B. The system is 
that of a cantilever supported at B under the 
action of a force F distant x from B. 

Clearly then this force produces a reaction at 
the imaginary support B equal and parallel to 
itself, and a moment or couple about B of amount 
Fx, Fig. 4 illustrates this. 

Hence, the effect of a force F, acting on a 
shaft in any plane of revolution A, on any 
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other parallel plane B distant x from A, is to 
exer 

1. An equal and parallel force F at B. 

2. A couple perpendicular to the plane = Fx. 

Thus, if we have any number of masses 
revolving in different parallel planes, their effect 
on any given parallel plane of reference is 
similarly— 

1. To introduce in this reference plane forces 
equal and parallel to the respective centrifugal 
forces acting. These forces may obviously be 


Be 
combined into one resultant = 7 > Wr. 


Note that the position of the reference plane 
has no effect on the magnitude of the forces, 
nor, therefore, on their resultant. 

2. To exert' couples perpendicular to the 
plane, which, being vector quantities, may also 


Couple =Foc 


Shaft imagined to be held at — 
point B.only ; 
Fic. 4 


be combined into one resultant couple = 
we 
a >Wr meee 


Here the position of the reference plane does 
affect the value of the couples, and therefore 
of their resultant, since it determines the values 
of x. 

It will be realized that the actual unbalanced 
effect produced by a series of given centrifugal 
forces on a shaft is a constant for any given 
conditions having nothing whatever to do with 
any particular plane, but when we refer these 
forces to a given plane and examine their 
effect on that particular plane, then the resultant 
couple they exert on that plane does depend on 
the position of the plane chosen. 

Hence the effect of any such system may be 
reduced to a single unbalanced force in any 

(Continued on page 1352) 
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‘By Ji ES CORRIGAN, MiSc:, ALG. 


LESSON XXV 


A MODERN TREND—THE 
DIESEL ENGINE 


DR. RUDOLF DIESEL (1857-1913) 
THE Diesel engine is a peculiarly modern 


_ development of internal combustion engine 


design. Indeed, its inherent possibilities were 


_ scarcely recognized at the untimely death of its 


inventor, Dr. Rudolf Diesel, in 1913, but of 


Dr. RupoiF Dieser 


more recent years, however, its capabilities have 
been brought well to the fore. 

Diesel engines have the advantage of low fuel 
consumption. They are steady in action, and 
will run reliably over long periods. Their mode 
of action is not difficult to follow. On the down- 


_ ward stroke of the piston, air is drawn into the 


cylinder. During the following up stroke, the 
charge of air is subjected to a compression of 
about 500 Ib. per sq. in. In accordance with a 
definite theoretical law, a rise of temperature 
accompanies this compression, so much so, that 


_at the moment of maximum compression the 


temperature of the air is sufficiently high to 
ignite a charge of fuel which is injected into 


the cylinder, Spontaneous ignition, therefore, 
takes place, and the piston is driven downwards. 

It must be noted that in the Diesel engine, 
the conditions of fuel supply are so regulated 
that there is little change of pressure during 
the burning of the fuel, the end aimed at being 
to cause combustion to take place steadily, 
without explosion, and at a sensibly constant 
pressure, 

In an engine of the four-stroke Diesel type, 
the cycle of operations is (1) Suction of Air, 


DIESEL’s First ENGINE, 1892 


(2) Compression of Air, (3) Power stroke, 
(4) Exhaust. The engine is started by means of 
air pressure from reservoirs of highly compressed 
air, and this supply of air also serves, in some 
cases, for the purpose of injecting the charge 
of fuel into the cylinder after each compression 
stroke of the piston. 

The inventor, Rudolf Diesel, was born in 
Paris of German parents, in 1857. He studied 
at the technical colleges of Augsberg and Munich, 
and during his later years, he managed an 
engineering works in Paris. 

The circumstances in which Diesel was led 
to invent his engine are of interest. About 
1890, he published a book on the theory of heat 
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engines, in which work he proposed in outline 
the principles of his engine. The volume 
attracted so much attention that the author 
was induced to give his whole attention to the 
subject. In this work he was financed by 


A VERTICAL FoUR-CYLINDER DIESEL ENGINE 
FOR LAND Duty 


(From E. Supino’s Land and Marine Diesel Engines 
Griffin & Co., 1915) 


Messrs. Krupps, Sulzer Bros., and other engin- 
eering concerns. 

The first experimental Diesel engine was con- 
structed in 1893. It utilized coal dust as a fuel, 
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and on one occasion its inventor nearly lost 
his life owing to a violent explosion which 
occurred during its working. 

Diesel rapidly improved upon this early 
attempt, and within a number of years the 
engines began to be turned out in relatively 
large numbers. In rgro, the number of Diesel 
plants in regular operation in the United 
Kingdom could be counted upon the fingers of 
one hand. In 1920, however, no less than 120 
commercial Diesel plants were in operation in 
this country, and their number has been 
recently still more increased. 

Diesel met with a tragic end. Travelling to 
England on the night of 30th September, 1973, 
on the Antwerp-Harwich mail packet, he fell 
overboard and was drowned. He had financial 
worries, it is known, but almost certainly his 
death was not an intentional one on his part, as 
has been suggested. Thus ended the life of one 
of engineering’s very latest pioneers. Diesel 
was man with one salient idea. He kept it 
before him all his life. He worked at it unceas- 
ingly. And now, fifteen years after his death, 
the results of his labour are beginning to bear 
abundant fruit, and to be of service in the 
furtherance of engineering, and also to the 
civilized community in general. 


(CONCLUSION) 
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parallel plane of revolution, together with a couple 
perpendicular to this plane. 

If this resultant force and resultant couple 
are both zero for any plane of reference the 
shaft is obviously in balance, being subjected 
to no disturbing effects. 

The conditions for perfect balance are 
thus— 

1. There must be no resultant force acting on 


the shaft, or the force polygon must close, i.e. — 


Wr = 0: : 
2. There must be no resultant couple about 
any parallel plane, i.e. the couple polygon drawn 


for any reference plane must close, or LWrx — 


=O, 

In the next lesson we shall explain the 
method of drawing the couple polygon and how 
balance is effected. 
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ne 
By Proressor F. C. Lea, D.Sc., M.I.Mrcu.E., M.Inst.C.E. 


PART 


THE effect of repeated stresses on materials is 
not only of great interest scientifically, but is 
also of great importance in connection with the 
design of machinery, tools of all types, and 
structures that may be subjected to repeated 
loads. During the last sixty years a great 
deal of data has been 
obtained from machines 
specially designed to in- 
vestigate this problem, 
and from the great 
laboratory of ex- 
perience, but up to the 
present it can hardly be 
said that a completely 
satisfactory theory of 
the mode or cause of 
failure has been worked 
out, and, furthermore; it 
can hardly be said as 
yet to which of the 
other properties of 
materials the safe range 
of repetition stress is 
related. 


Tensile, Compressive 
and Shear Failure of 
_ Materials. Whatever 


state of stress to which 
a piece of material is 
subjected, or whatever 
form of loading it has 
to resist, the resultant 
stress on any plane in 
the material can be 
resolved into a normal 
stress, which may be 
either a tension or compression, and a tangential 
or shear stress. An element of a machine, such 
as a crankshaft, may be subjected to bending 
moments, twisting moments, and direct loads, 
and during each revolution all these may pass 
through cycles which cause on any given plane 
in the shaft cycles of normal stress and shear 
stress. The conditions may be simple or 
complicated, but the final problem resolves 
itself into the question, what ranges of stress, 
86—(5462) 
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normal stress and shear stress, can be allowed 
on any plane without risk of fracture ? 

The behaviour of materials under statically 
applied stresses can be easily determined in the 
special types of machines and apparatus devoted 
for this purpose. 

Figs. I to 6 show curves obtained from tests 
on materials in simple tension, compression, 
and under pure shear 
produced by a twisting 
moment or torque. The 
first portion of the curve 
is either a straight line, 
or approximates to a 
straight line, and is 
known as the elastic 
portion of the curve. 
The point at which the 
curve deviates from the 
straight is generally 
called the elastic limit 
or, better still, the limit 
of proportionality. 
From the point of view 
of repeated stresses it is 
desirable to be clear, if 
possible, as to what is 
really implied by an 
elastic material. The 
ordinary type of exten- 
someter used in con- 
nection with testing 
machines probably 
measures strains of the 
order of s5$09 tO sodn0 
with a reasonable degree 
of accuracy. Torsion- 
meters used in connec- 
tion with shear tests also 
measure small angular strains with a con- 
siderable degree of precision. In both these 
types of tests, the “straight line” portion 
of the diagrams are straight within the 
accuracy of the instruments. More precise 
measurements show, however, that when the 
material is loaded through cycles of stress 
which are not of very great range, the “ straight 
line ” is not exactly straight, but that in going 
through the cycle a hysteresis loop is obtained. 


4 ENGINEERING EDUCATOR 


MILD STEEL 


Hysteresis Loops under Repeated 
Loading in Torsion. 


Distance between Gauge Points =Z7 ins. 
Diameter=% inch, 


To avoid confusion the curves are 
‘sheared forward as shown. 
Dotted /ines represent the un- 
Joading line of previous cycle. 


Load on Arm. (/bs.) 1/b.=20in-/bs.Torque=242 /bs. Stress. 


5 ra 20 5 aa 30 BS 40 


Loops 12345 


MILD STEEL 
Effect on Area of Hysteresis Loops 
under Cyclical Repetition. 


Length between Gauge Foints=27 ins. 
Diameter =% inch, 


oh The arrows show direction of creeps. 
Magnitude of creeps during 5 minutes. 
Interval under loads indicated by 
relative length of arrow stems. 


Load on Arm (/bs) 7/6. 20in-lbs. Torque =241-5/6s.persg.in. Shear Stress. 
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_ Such loops are shown in Figs. 7 and 8, obtained 
_ by the author from a mild steel bar in a special 
_ torsion machine and using an optical torsion- 
_meter. This indicates that when the specimen 
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is loaded slowly in pure torsion through the 
range shown in the cycle, work must be done 
on the specimen and internal heat generated. 
_ If the range of stress is below a certain amount 
the cycles close, or in other words, there is no 
permanent deformation of the material, pro- 


Fic. 10. THE 2,000 R.P.M. ComMPoUND 
LEVER MACHINE 


viding that the cycle finishes at the point of 
commencement. If the cycles are repeated, 
and again the range of stress is below a certain 
amount, the areas of the hysteresis loops may 
‘diminish, whereas, if the range of stress is above 
a certain range, the hysteresis loops may increase 
in area. The curves of Fig. 7 were obtained 
from mild steel for a range of stress 0 to 10-4 
tons per sq.in. The loops diminish in width 
as the cycles are repeated. When the range of 
stress was increased to + 10:4 tons per sq. in., 
‘Fig. 8, the hysteresis loop increased in width 
and in area. Fig. 9 shows how the width of 
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the loop and the stress at zero strain increased 
with the number of cycles. Anticipating for a 
moment what is to be said later, it can be 
stated that a specimen subjected to a range of 
stress 0 to 10:4 tons per sq. in. would withstand 
thousands of millions of repetitions without 
fracture, whereas a specimen subjected to a 
range of + 10-4 tons per sq. in. would probably 
break after a comparatively small number of 
repetitions. 

Hysteresis Loops and Generation of Heat. It 
would naturally be expected that, if when sub- 
jected to repeated stresses such hysteresis loops 
are produced, heat would be generated. Experi- 
ment shows very definitely that such is the case. 
By the use of thermocouples it is easy to show 
that a rise of temperature of the specimen may 
take place, but a rise of temperature does not 
indicate of necessity that fracture at the 
particular range will take place. With wrought 


Fic. 11. VIEW oF ROTATING—ALSO 
STATIONARY MIRRORS 


iron, copper, nickel, and other substances, at 
particular ranges, spurts of heat may take place 
and then die away ; indicating that hysteresis 
may be obtained and then gradually become 
zero. 

Just before the fracture, under repeated 
stresses, occurs, it is frequently observed that 
considerable heating of the specimen takes 
place, showing that after a certain number of 
repetitions, a condition arrives which allows of 
considerable hysteresis followed by fracture. 

The question naturally arises, can the range 
of repetition stress be anticipated from the 
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so-called elastic portion of load strain curves, 
such as those shown in Fig. 1? Unfortunately, 
in general, the answer is no. The author and 
others have shown very definitely that the 
length of the straight line portion of the load- 
strain or stress-strain curve does not indicate 
the safe range of repetition stress. In the case 
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limit of proportionality, Figs. 1 to 4, a sudden 
yield may take place, Fig. 2, or the deviation 
may take place gradually, Fig. 1. If at a 


point C, Fig. 2, the load is released, the unload- 
ing curve is CD, and on reloading, the curve 
may be straight up to the point C, or near 
oy (Gr 


It should be noted that on the scale of 


waeaa-----=-- 18-8235" ---------- 


------5) » 
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of normalized mild steel subjected to equal 
plus and minus stresses, i.e. with zero mean 
stress, the range agrees fairly well with the 
range of stress indicated by the total length 
of the straight portion of the curve obtained 
from tension and compression tests. Such a 
curve is shown in Fig. 6. The range of stress 
for this steel at this mean stress was found to 
be + 15-2 tons per sq. in. 

Load-strain Curves Beyond the Limit of 
Proportionality. When a statical load in ten- 
sion or compression is carried beyond the 


the portion AB of the curve, the line CD would 
be parallelto AB. - 


Under repeated stresses it is quite possible : 


to load a specimen through a considerable 
range of stress, say from D to C, without 
fracture even after many millions of repeti- 
tions, but the total safe range is smaller than 
when the mean stress is zero. If for the maxi- 
mum stress C load-strain curves are taken for 
various ranges of stress, it is found for mild 
steel that the safe range of stress agrees fairly 
well with that range of stress for which the load 


: 
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strain curve is straight, but the author’s tests 
at high temperatures show again that this is 
not generally true. 

It can be stated that for zero mean stress, the 
total range of stress for most materials, bears 


a more definite relationship to the ultimate 
tensile strength than to any other property, 
but the ratio of the safe range to the ultimate 
stress varies with the material, its history, and 
its heat treatment and, in general, the only way 
to determine the safe range of stress for any 
given mean stress is by direct experiment. 
Types of Machines for Experiments on the 
Effect of Repeated Stresses. Fig..10 shows a 
simple type of Wohler bending machine, 
designed and used by the author for tests on 
specimens subjected to cycles of bending stress. 
The specimen is a simple cantilever loaded 
through the ball bearing. The bending mo- 
ment is varying along the specimen, but the 
specimen can be so shaped that over a given 
length the stresses are practically the same at 
each section of the length. The load can be 
hung directly from the bearing, or it can be 
applied by admitting water to the tank and 
through the lever system under the bed of the 
machine. The tank allows load to be applied 
or taken off very gradually. The tank can be 
suspended from a spring balance and the load 
at any instant read directly. On the end of the 
specimen is a mirror, see also Fig. 11, and 
load-strain curves can be obtained while the 


specimen is running. 


Fig. 12 shows a second machine! designed and 
used by the author in which the specimen S is 
subjected to a constant bending moment, and 
it may also be subjected simultaneously to a 
constant torque. In this machine specimens can 
therefore be subjected to combined direct stress 


For description see Engineering, 26th August, 1926. 
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produced by bending and shear stress due to 
torsion. 

Torsion Machines. Fig. 13 shows a diagram 
of a machine designed and used by the author 
for repetition stresses in torsion. The specimen 
S is fixed in two collets. One of the collets is 
fixed to a spindle, the mass M and the lever D. 

The other is connected to a crank AO, 
oscillated by the connecting rod C. 

To the arm BD is attached, at a definite 
radius, a spiral spring in which any initial 
tension can be set up by an adjusting screw and 
thus any initial torque in the specimen. On 
oscillating the crank, the mass M and arm D 
oscillate through a very small angle 0,; this is 
kept small by so designing the specimen that 
a node occurs nearer to the right-hand end than 
the left. The oscillation of the arm being 
small the pull in the spring and thus the mean 
stress remain practically constant. 


e 
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Fic. 14. HaicH ALTERNATING STRESS 
MACHINE 
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The angle 0, is measured as the specimen 
oscillates, by the movement of a spot of light 
over a scale on ground glass at the end of a 
dark box or-camera. The torque, from which 
the stress in the specimen can be calculated, 
can be determined when the moment of inertia, 
of the oscillating mass, the angle 9,, and the 
speed of the machine are known. <A second 
type of machine used and designed by the 
author is similar to the one described, except 
that the end of the specimen is connected 
rigidly to and in series with an optical torsion- 
meter. Any initial torque can be put in the 
specimen, and then any amplitude @ can be 
imposed by the oscillating crank. The torque 
in the specimen is measured by the movement 
of the spot of light reflected from the middle of 
the torsionmeter on to a ground glass scale. 

Haigh Machine. One of the most ingenious 
and useful machines for testing materials under 
repeated stress is that designed by Dr. Haigh, 
and made by Messrs. Brunton’s of Musselburgh. 

The specimen S, Fig. 14, is connected to a 
fixed crosshead and to a movable crosshead 
which is connected by rods to the wrought- 
iron yoke Y. This is connected also rigidly 
to the leaf springs S,.. The yoke is between 
two electro-magnets, M and M,, which are 
magnetized by an alternate current at 2,000 
cycles per minute. When the upper magnet 
is magnetized, a compressive force acts on the 
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specimen, and when the lower is magnetized 
a tensile force acts upon the specimen. Any 
mean stress desired can be impressed upon 
the specimen, either tensile or compressive by 
putting initial strain upon the leaf springs in 
the required direction. The magnets then 
impose an additional range of stress on the 
specimen ; this can be modified to any extent 
within the range of the machine. The pull 
or. push exerted by the magnets can be mea- 
sured by the voltage generated in coils arranged 
near to the air gaps between the electro- 
magnets, and the wrought-iron yoke Y, and 
is measured by a voltmeter. The voltage 
generated in these coils is proportional to the 
rate of change of the lines of force passing 
between the magnet and the yoke ; the pull on 
the yoke is proportional to the lines of force, 
ie. since the speed of the alternate current 
machine is kept constant, to the voltage 
generated. 

Other types of machines have been developed 
by various experimenters, but these are either 
of the Haigh type giving direct stresses, such 
as the Smith Reynolds oscillating mass machine, 
of the Wohler type giving bending stresses, of 
the torsion type giving shear stresses, or of the 
combined bending and torsion type such’ as 
shown in Fig. 12, or of the type designed by 
Mason (Proc. Inst. Mech. Engs., January—May, 


IQI7). 


(To be continued) 
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APPLIED MECHANICS 


By Gro. W. Birp, WuH.Ex. B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON XXIV 
MECHANICS OF FLUIDS 


VENTURI METER 
Tue Venturi meter consists essentially of a 


 converging-diverging pipe inserted in the main 


pipe line with provision for measuring the 


_ difference of pressure heads at the full bore and 
at the throat sections. 


A diagram of the meter 


in section is shownin Fig, 151. At the full bore 


FIG. 151 


section a number of small holes serve to trans- 
mit the pressure to an annular ring from which 
a pipe may be taken to one end A of a glass 
tube containing mercury. A similar arrange- 
of small holes, etc., at the throat section trans- 
mits the pressure to the other end B of the glass 
tube, so that the difference of levels a,b, is an 
indication of the pressure difference existing 
between the full bore and throat sections. It 
is usual to place the axis of the meter hori- 
zontal. The diameters at the full bore and 


throat sections must be accurately known and, 


to reduce friction loss, the metal surfaces 
should be as smooth as possible. The mercury 
tube arrangement of Fig. 151 is, in practice, 
usually replaced by an automatic recording 
apparatus in which, by a combination of move- 


, ments, controlled by clockwork, and a second 


movement due to the rise or fall of floats, a 
continuous record of the flow is obtained. 


‘ 


Application of Bernoulli’s Theorem to 
the Venturi Meter 

ExampLe. The full bore diameter of a 
Venturi meter is 3ft. 6in., and the throat 
diameter rft. 3in. The difference between 
the pressure heads at the full bore and throat 
sections is indicated by 15:5 in. difference of 
level in the mercury tube, Fig. 151, sp. gr. of 
mercury 13°56. Determine the flow of water 
through the meter in gallons per minute, the 
axis of the meter being horizontal. 


pi v1? pe v2" 
Boe ge ya oe (I) 
Where £, = pressure in lb. per sq. ft. at full 
bore. 


v, = velocity in ft. per second through 
full bore section. 
p, = pressure in lb. per sq. ft. at the 
throat section. 
velocity in ft. per second through 
the throat section. 
h, = head at full bore section above or 
below some agreed datum level. 
h, = head at throat section above or 
below some agreed datum level. 
w = lb. per cub. ft. of water = 62°5. 
Since the axis of the meter is horizontal, 
hy = he: 
Hence (1) may be written 
25 ota9.2 
Be e a (2) 
A difference in level of 15-5 in. of mercury is 
equivalent to 
5°5 


I2 


2 = 


(13°56 — 1) ft. of water 
Piro 


w 


(3) 


=) 229) tt 


As we know the throat and full bore diameters 
we can state 


“4 ee or, v yeah 

eg em 5 
25 X 4 

Uz => Ug x 16 x 49 


eee 2 
Or, v7 = 0016270, 
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Substituting in (2) we may write 
Ux2— 001627052 

64-4 
*, VU, = 32:6 ft. per sec. 


16-233 = 


Flow per minute through the meter 
dy?ar 


4 
= 14,970 gal. 


N.B. The reader may note that we have 
used the factor (1356-1) in (3), and not 
simply 13:56. To show that this is correct, 
consider the two level sections a,a, and d,bs, 
Fig. 151. The pressure at a, exceeds the pressure 
at a, by the difference between the weights of 
a column of mercury and a column of water, 
each of the same cross-section and height ; 


X V2 X 60 X 6:25 gal. 


this is equal to the weight of a column whose 
Sp. gt. = (sp. gr. of mercury — sp. gr. of water) 
== (151501). 


FLow oF WATER THROUGH AN ORIFICE 


If water is contained in a tank anda sharp 
edged orifice be made at some distance h below 
the free surface of the water, then flow will take 
place somewhat as shown in Fig. 152. Observa- 
tion of such a jet will show that there is a section 
cc which is considerably smaller than the orifice 
and, at this section, the stream lines are hori- 
zontal. It is this section cc, termed the vena- 
contracta which we have to consider in estima- 
ting the flow through the orifice. An application 
of Bernoulli’s equation to the free surface aa 
and the vena-contracta cc enables us to write 

Pa De De vo; 
es Teh oa iy ee ae - (4) 

Now , = p, = atmospheric pressure ; h,—-h, 

= h, and v, is so small compared to v, that it 
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may be considered negligible; hence (4) may 
be written 
Ue 
= ae 

Expression (5) is the algebraic statement of 
Torricelli’ s theorem, which says that the theoreti- 
cal velocity of flow through the vena-contracta is 
equal to that which a body would attain in 
falling in a vacuum through a height h, h being 
equal to the depth of the orifice below the free 
surface of the water. 

By means of (5) we may calculate the velocity 
of flow through the vena-contracta section cc. 
This velocity, however, is never attained, since 
both viscosity and air resistance are encoun- 
tered by the moving water, and so we find it 
necessary to introduce an experimentally deter- 
mined coefficient k,, termed the coefficient of 
velocity, and so we may write (5) as 


v, = hy \/2gh Z . (6) 
We have already noted that the section at 
cc is less than the section at the orifice and, 
again, this requires the introduction of a second 
experimentally determined coefficient Rs, the 
coefficient of contraction which is numerically 

equal to the ratio 

h area of vena-contracta section 
.= 


area of orifice section 
The total flow Q per unit of time is given by 
Q= Ax kh, x hy xX v/2gh 
or, Q= Ax K x v/2gh 
A = area of orifice 
K = kh, X k, = coefficient of 
discharge. 


The following values of k, and k, are those 
usually accepted— ; 


Type of orifice . 5 Ry hy K 
Sharp edged circular . 0:97 0°64 0-62 
Projecting pipe . i 0-82 1:00 0-82 
Re-entrant pipe 

(Borda’s mouthpiece) 0:07 -0'5 07485 


EXAMPLE. Water flows through an orifice 
under a head of too ft. If the coefficient of 
velocity = 0-97, find the height to which the 
jet would rise. Ifythe diameter of the orifice 
= I}fin., and the coefficient of contraction = 
0-64, determine the discharge in cub. ft. per 
minute, 
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Actual velocity = = 
ais velocity = v haere . dees 144 (60-14°7) x 64-4 
= 0:97+/ 2g X 100 = 1/ 2gh, 08 X 62°5 
Ge \o-gy)> xX 2g X 100 = 2gh, 
a = 0-97 X 0:97 X I00 = 91:66 ft. per sec. 
or, ha = 94:09 ft. 


Q= AX kh, X ky X 0, cub. ft. per sec. 


Q= 4x bX he X 4/2¢h or, 


7 
= a4 
0:82 x 0:98 X 91-66 x 60 x 60 62°5 x 0°8 
s 2240 
or, 


Q = 129'12 tons per hour. 


& 


Fic. 153 Fic. 155 
25 X 7 X 0:97 X 0°64 ,—____ DETERMINATION OF THE COEFFICIENTS 
ole [ 16 X 4 xX 144 28 x 100 | ky AND hy 
cub. ft. per sec. To determine the coefficient of velocity, hy, 
or, for any particular orifice, water is allowed to 
Q = 0:4246 cub. ft. per sec. flow through the orifice under a constant head, 
Q = 25-476 cub. ft. per min. . and the path of the stream mapped by means 


Example. Oil, whose sp. gr. is 0:8, is dis- of a depth gauge, as shown in Fig. 153. The 
charged from a vessel in which the pressure is path of the issuing jet is a parabola. If v, is 
60 Ib. per sq.in. absolute to the atmosphere, the velocity of the jet measured horizontally 
pressure 14-7 lb. per sq.in. The orifice is 2in. and assumed to remain constant, then 
ite ae : ey) 


Also, since the whole motion of the water at 


Fic. 156 


_ in diameter and the coefficients of velocity and section cc is horizontal, its vertical fall after 


contraction may be taken as 0-82 and: 0-98. passing this section is given by 
Calculate the velocity of discharge and the total 


discharge in tons per hour. yee th opie) 
pr v2 _ bs Combining (x) and (2) we obtain 
heme +h ay eo 2+ st - (6) x 
y= he 58 
Also, 1, = hy *, 0, =0; .. we may write 
(6) as - U9" rr 
ffs ae Olu a — ee & . - (3) 
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But, the theoretical velocity due to the head 


his given by v = 1/ 2gh 
Se 
4hy 


The usual method of determining the shape 
and size of the stream at the vena-contracta is 
to arrange a number of screws with vernier 
scales, and to adjust these screws so that their 


FIG. 157 


points just touch the surface of the jet (Fig. 154). 
The area of the cross-section of the vena- 
contracta so obtained is used to determine 


area of section cc 
2"~ area of orifice 


Having determined k, and ka, the product hk, 
x ky = K, the coefficient of discharge. This 
coefficient of discharge, however, is best deter- 
mined by the direct measurement of the time 
required to fill a vessel of known and suitable 
capacity. This has been done by a number of 
reliable experimenters, and the reader is referred 
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to the original papers and treatises for these 
values. 

SUPPRESSED CONTRACTION. In order that 
all contraction of the issuing jet may be sup- 
pressed, the stream lines must be caused to 
flow in a direction normal to the orifice, that is, 
the stream lines become parallel. This can be 
brought about either wholly, as in Fig. 155, or 
partly, as in Fig. 156. 

DROWNED OriFIcES. If an orifice is sub- 
merged on both sides, as in Fig. 157, it is termed 


Fic. 158 


a drowned orifice. The flow through such an 
orifice is then proportional to 4/ A, — hy 


or, 0 = KA w/2¢ (hy —hy). 

When the orifice is only partly submerged, as 
in Fig. 158, the total flow may be taken as the 
sum of (x) the flow through the unsubmerged 
section of depth d, and (2) the flow through the 
submerged section of depth s, and can be 


statedas 0 =Q,4+ Q, 
2g a + K,A,V 2gh.. 
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POWER TRANSMISSION BY CHAINS 


By H. M. ANDREW, WuH.Ex, A.M.Inst.C.E. 


LESSON II 


TYPES OF DRIVING 
CHAIN 


OF the four principal types of driving chain in 
common use at the present time, namely, 
malleable cast link chain, block chain, bush 
roller chain, and inverted tooth chain, the first 


, 
ax ek 


BusH ROLLER CHAIN AND ITS COMPONENT 
PARTS 


Pie: I. 


two are intended principally for conveying pur- 
poses, while the last two are designed solely 
for power transmission. 

Malleable Cast Link Chain has considerable 
use in some industries for slow speed low power 
drives, because of its cheap construction. Ina 
modified form, with attachments cast on to the 
links, and-sometimes with pin bearings, it is 
extensively used for conveying purposes, but 
its weight to strength ratio is sufficiently high 
to restrict its use considerably for power trans- 
mission. 


Block Chain has alternate pitches formed as 
solid blocks of metal to facilitate the attach- 
ment of conveying members. This, of course, 
renders this chain also too heavy for a given 
strength when used purely for transmission of 
power. Only the alternate pitches engage the 
wheel teeth and consequently its gearing is not 
so smooth as the bush roller type, which has 
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largely superseded it for power drives. Its 
bearings, unlike the malleable cast chain, are 
fully machined and securely enclosed, but the 
solid metal block does not lend itself easily to 
the formation of a properly hardened bearing 
for high speed driving purposes (the Coventry 


lassi 


Fic. 3. 60 H.P. DRIVE USING COVENTRY TRIPLEX 
BusH ROLLER CHAIN 


Chain Co. overcome this by laminating the 
block). 

Almost all racing cyclists formerly used this 
type of chain for pedal cycle track racing, but 
nowadays bush roller chain is largely employed. 

Bush Roller Chain. Chain makers generally 
manufacture this well-known type of driving 
chain on somewhat similar lines, differing 
mainly in material and small details of assembly. 
The principal dimensions have been standardized 
in England and also in the U.S.A., but these 
standards have not yet been universally adopted. 
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This chain consists of cylindrical bearing 
pins (Fig. 1) riveted to flat side links (generally 
of figure eight shape), forming one link or 
“pitch”? of the chain, A, the intermediate 
links or pitches, B, comprising tubular bushes 
surrounding, and forming a bearing for, the 


Fic. 4. CrRcULAR BusH INVERTED TootH CHAIN 


above bearing pins ; these bushes being forced 
into similar, but larger, side links. Surround- 
ing the bushes, and free to rotate on same, are 
the rollers. Fig. 1 shows all these parts in 
detail. 

The shear strength of the bearing pins should, 
in a balanced design, be equal to the tensile 
strength of the side links, but is often rather 
greater in order to give an ample bearing surface, 
Owing to the need of a working clearance, 
the bearing surface commences theoretically 
as a line contact of the pin across the full 
width of the bush. until wear in service has 
developed a full arc of bearing surface. The 
closer the initial fit of the pin in the bush, the 
sooner the full arc of bearing surface is estab- 
lished, an advantage gained by accurate work- 
manship. This type of driving chain gives— } 

(2) Links directly in line of pull. 

©) Fixed bearing pins supported only at the 
ends, 

(c) Bearing surface across full width of inside 
link, line contact at first but gradually wearing 
to a full bearing after about 0-6 per cent exten- 
sion by wear has taken place. 

(d) Wear in the bearings tends to lengthen 
the alternate pitches only because the “ pitch ” 
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of the chain, for gearing purposes, is the distance 
from face to face of adjacent rollers, and the 
pairs of rollers mounted on pitch B do not, of 
course, alter their centre distance by wear. 

(e) The amount of bearing surface in any 
particular pitch of chain is governed by the 


Fic. 5. LinrsHart DRIVE By INVERTED TooTH 
f CHAIN 


SS Th 


ff 


Fic. 6. Moror-caR FRONT-END DRIvE BY 
INVERTED TootH DRIVE 


available diameter for the bearing pin and the 
maximum practicable length that such a pin 
can have when supported only at the ends. 
“gNotr. The bush roller type of chain is, 
however, manufactured in duplex form (Fig. 2) 
to obtain increased ,width for a given pitch, 
the centre links being made as tight a fit as 


q 
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possible on the bearing pins, so as to give 


central support. Some makers even manufac- 


{ 


ture it in triplex form, as shown in the 60 h.p. 


_ Coventry chain drive illustrated in Fig. 3. 


* in tension and pulling against each other. 


- 


Inverted Tooth Chain. This type of chain is 
made in a variety of designs by different 
makers, the variation being mainly in the con- 
struction of the bearing, but also to some extent 


in the shape of the links. 


In its simple form (Fig. 4) it has a cylindrical 
bearing pin supported by links at several 


points along its length. These links are of 


arched form sc as to pass over the wheel teeth, 


_’ which make contact with and drive against the 
end faces of the links. 


The links of adjoining 
pitches are interleaved with one another so 
that half the links on any one bearing pin belong 
to one pitch of the chain, and the other half to 
the next pitch; these two sets of links Bee 

he 
working bearing surface is therefore that due 
to one set of links only, that is, it extends over 
only half the length of the bearing pin. The 
diameter available for the bearing pin is limited 
by the necessity of restricting the size of the 
link heads to the space between the wheel 


Fic. 7. Motor-cycLE DRIVE 
(Coventry ‘‘ Ultimate” Chain) 


teeth, but the length of this pin can be the 
longest practicable hardened pin for the given 
diameter. 

This type of driving chain gives— 

(a) Arched links with the crown of the arch 
just above the line of pull. 

(6) Bearing pins that are free to rotate and 
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which are supported by several links at regular 
intervals along their length. 

(c) A much wider chain available for any 
given pitch than in the case of single strand 
bush roller chain, but with bearing surface 
across half its width only. The pin diameter 
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is necessarily rather smaller than can be 
utilized in the bush roller type. 

(d) Wear causes all the pitches to lengthen 
equally. 

(e) The method of gearing with the wheel 
teeth tends to minimize the sound produced 
by contact between chain and wheel, as explained 
in Lesson I. 

Bush roller and inverted tooth chains are so 
different in their characteristics that each type 
has so far managed to hold its own as a driving 
medium. Inverted tooth offers a quieter and 
smoother drive than bush roller at ordinary 
industrial speeds and, in spite of its higher cost 
of production, is largely used for lineshaft 
drives (Fig. 5), motor-car camshaft drives 
(Fig. 6) and similar applications where a quiet 
drive is essential, and first cost is not the 
governing consideration. The more robust 
design of the bush roller chain, with its superior 
capacity to resist shock and fatigue, has 
standardized this type for motor-cycle (Fig. 7) 
and pedal-cycle drives, rear drive on commer- 
cial vehicles (Fig. 8), and for heavy duty in 
exposed situations, such as hot saw drives, 
rolling mill drives, concrete mixers, etc. Bush 
roller chain is, however, reasonably quiet under 
certain suitable conditions and, this fact, 
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together with its relative cheapness, has led to 
its occasional use recently for motor-car cam- 
shaft drives and lineshaft drives formerly 
considered to be the exclusive field of the 
inverted tooth chain. 

While a detailed description of each of the 
existing types of inverted tooth chain would 
be out of place in these articles, it will be as 
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bearing pin, one liner being a force fit in one 
pitch of links and the other a force fit in the 
adjoining pitch of links. The holes in each 
link head, in addition to receiving the bearing 
pin, allow space for one liner as a force fit in 
the link head and the second liner with clear- 
ance round it to permit of its rocking around the 
bearing pin. As the space between the wheel 


Fic. 9. CovENTRY ‘‘ BIFLEX’’ CHAIN 


well to give here a brief note on the principal 
designs. 

The Circular Bush type illustrated in Fig. 4, 
has short hardened bushes forced into double 
links to form the bearing. The angle between 
the two end gearing faces of any one link is 
customarily 60°, although both 60° and 75° are 
made by the Coventry Chain Co. The larger 
this angle, the larger can be the bearing pin. 
The smaller this angle, the quieter the chain in 
operation. The links are made with curved 
back, as shown in Fig. 4, or with flat back, a 
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shape illustrated in the “ Biflex”’ chain (Fig. 9), 
in which type of chain half the gearing links 
face upward and half downward so as to enable 
this particular chain to gear with chain wheels 
on either face of the chain, as in the case of 
bush roller chain. 

The Liner type of inverted tooth chain is an 
early design that aimed at securing bearing 
surface across the full width of the chain by 
using a long segmental liner that is common to 
all the links in one pitch. As shown in Fig. ro, 
a pair of these liners fit either side of each 


teeth for the link head is a fixed quantity, the 
bearing pin in this design must be slightly 
smaller in diameter than in the circular bush 
design, and the arc of the bush is limited to 
about 110°. 

The Segmental Bush inverted tooth chain is a 
design produced by Messrs. Renold, Ltd., that 
uses a short segmental liner (in place of the 
circular bush), that is forced into a pair of 
links. This enables a larger diameter of bear- 


ing pin to be employed for a given size of hole 
in the link head. Like the circular bush type it 


a 


Fic. 11. Morsr CHAIN 


has bearing surface across only half-the width 
of the chain, but an attempt is made to make 
the segmental bush as exact a’ fit as possible 
on the pin so as to secure maximum initial 
bearing surface. The arc of the bush is 140°. 

The Plain Bearing type uses no bush at all 
in the link heads, which are punched to fit 
the pin, the links being locally hardened or 
toughened as far as they can be without apprecia- 
bly affecting their tensile strength or fatigue 
resistance. 

The Link Belt Co. (U.S.A.) in a recent- design 
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secure more than half bearing surface across 
the width of the chain by making the alternate 
pitches of narrow extra strong links formed as 
a tight fit on the bearing pin, the intermediate 
_ pitches being comparatively broad links inter- 
leaved with the above and having a wide bear- 
ing surface on the pin. This advantage has the 
accompanying disadvantage that the pin cannot 


rotate and, therefore, the wear is concentrated 
on one arc of the pin. 
The Whitney Chain Co. (U.S.A.) design aims 
at a double bearing. The alternate pitches con- 
sist of two inverted tooth links forced on to the 
ends of two circular bushes. The intermediate 
pitches are formed by two plain bearing inverted 
tooth links having their bearing on the surface 
of the above bushes between the force fit links 
of the alternate pitch. Unit chains of this 
build are connected in multiples of the unit 
width by passing bearing pins through the 
bushes, and coupling these bearing pins by 
means of fixed side guide links (in the same 
pitch as the intermediate plain bearing links), 
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thereby forming a second inner bearing across 
the full width of the chain. 

The Morse Chain Co. (U.S.A.) and the 
Westinghouse-Morse Chain Co., Ltd., of 
England, manufacture the Rocker joint type of 
inverted tooth chain exclusively, in which a 
rocker attached to the links in one pitch 
(Fig. 11) rocks or rolls on a seat pin attached to 


the links of the adjacent pitch. 
length of chain between chain wheels, the flat 
side of the rocker is designed to lie on the flat 
side of the seat pin, with a view to preventing 
relative movement while passing from wheel to 


In the straight 


wheel. Various link angles have been employed 
in Morse designs. In some designs two different 
angles are employed at the two ends of each 
individual link. Gearing with the waist of the 
link as well as the end faces is also a feature 
of some of these designs ; the object aimed at 
being to minimize noise. 

Fig. 12 illustrates multiple strands of this 
chain in a high powered hydro-electric 
drive. 
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By G. Woop, A.M.I.MEcu.E. 


LESSON XXVI 


Visualizing. The guidance drawing as a means 
of reference in preparing the design of a machine 
part has a useful ally in the designer’s memory, 
and the alert engineering student will be advised 


experienced designer often to pass judgment 
upon the strength of a machine part indepen- 
dent of calculation. Such judgment is, of 
course, only reliable within certain conditions, 
e.g. where the strength of a shaft is in question, 
opinion regarding its power carrying capacity 
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to take every opportunity to inspect various 
designs of machinery. Such observation of 
existing design stores the mind with useful 
ideas of detail design together with a sense of 
proportion. 

The above sense of proportion is sometimes 
developed to a very fine degree, enabling an 


will only hold providing the speed of rotation 
lies within fairly narrow limits. ? 
To exploit the engineering experience of one’s — 
memory it is necessary to acquire the art of 
visualizing the machine part represented on the — 
drawing. With practice it is possible to read 
the three views of a drawing and visualize 1 
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perspecuve view of the part, and although the 
art comes with the practice of drawing it is 
advisable to cultivate it to a finer degree. This 


will, oi course, follow if the habit is formed of 
visuar ing the outline of a machine part both 
before .nd after making the drawing of the part. 
As an extension of the 


Visualizing to Scale. 
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a perspective view of the engine. The illustra- 
tions are taken from Engineering for roth 
November, 1926, and refer to a 600 b.h.p., 
four-stroke cycle Diesel engine constructed by 
Messrs. Belliss & Morcom, Ltd. 

Referring to Fig. 1, it will be seen that cer- 
tain features of the design must be considered 


Fic. 3. LANCASHIRE BOILER 


above we may acquire the sense of visualizing 
the form of a machine part to scale, i.e. mentally 
increasing or reducing the proportion according 


with reference to the size and convenience of 
the engineer operating the machine. For 
example, if before arranging the ladder and 
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to the drawing scale in order to obtain a com- 
parative idea ofthe size of the detail. 

This is particularly necessary where we have 
to consider the space required for operating the 
machine or accessibility in terms of an averaged 
sized operator. Further, it is often necessary 
to have an idea of both the weight and size of 
_ the part when such has to be man-handled. 
Engine Arrangement. An example of the 

above art is provided in Figs. 1 and 2, which 
_show an arrangement of an engine together with 


87—(5462) 


platform, the pressure gauges or the various 
controls, we visualize the engine as shown in 
Fig. 2, we may more readily decide the best 
position of these parts relative to the engine. 

Boiler Arrangement. A further example is 
provided in the drawing of the Lancashire 
boiler (constructed by Messrs. Yates & Thom, 
Ltd.) shown in Fig. 3. 

First, in arranging the level of the floor in 
front of the boiler it is necessary to estimate a 
suitable height of fire-bar for ease in stoking. 
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It is also necessary to observe the position of 
the floor in fixing the height of valves which 
may be operated from the floor level. Further, 
consideration must be given to the question of 
access to the inside of the boiler. The practice 
is, of course, to provide a manhole in a position 
free from obstruction both immediately outside 
and inside the boiler. 

Referring to Fig. 3 and the sectional drawing 
of the boiler shown in Fig. 4, it will be observed 
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that one manhole is arranged on the boiler front 
below the two furnaces. To check the value 
of this provision of access we must imagine 
both the space under the furnaces and the space 
occupied by a man moving along the boiler. 
A dimension of the tightest passages combined 
with a visualizing of the finished boiler will 
enable the draughtsman to decide upon the 
practicability of the design in this respect. 

Proceeding with the imaginary movement of 
the engineer along the boiler, we may consider 
the question of access to that part of the boiler 
above the furnaces. With one manhole only 
access to the upper part of the boiler would be 
possible only by means of the passage between 
the furnaces, which is a maximum at the rear 
end of the boiler, a second manhole is, therefore, 
provided in the steam space. 

Visualizing Movement. Where the machine 
drawing represents moving parts it is necessary 
to observe that the movement can take place 
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unchecked. Frequently, the clearance between 
the moving and fixed parts is sufficiently large 
to show at a glance. In other cases the clear- 
ance is too small to allow of so approximate a 
check as is provided by a look at the drawing, 
and it becomes necessary to make a geometrical 
check. 

An example of a moving machine part passing 
very close to the fixed part is given in Fig. 5, 
which shows the bottom end of a reciprocating 
engine connecting rod and the adjacent columns 
and bed-plate. 

It will be evident from the above figure that 
the inclination of the connecting rod will vary 
during the revolution of the crankshaft, and to 


check the bottom end of the rod for clearance 


throughout the movement it would be necessary 
to draw the outline of the moving part in its 
true position at many points in the revolution. 
Such a procedure may prove both lengthy and 
tedious, and much of the task may be dispensed 
with if we first determine that part of the cycle 
which provides clearance for any inclination of 
rod. Referring to Fig. 6 it will be seen that the 
rod, in moving from the vertical as the crank 
rotates, swings the lawer end of the bearing 
closer to columns and bed-plate. Taking a 
radius 7,, sufficiently large to clear this end, and 
describing an arc cutting the rod centre line at 
a, then a circle of radius oa will provide a space 
to allow the rod to swing unchecked at any 
angle during the revolution. We observe this 
circle to lie clear of the adjacent fixed parts, 
and so we may conclude that the lower end of 
the rod is correct for clearance. . Passing to a 
consideration of the upper end of the rod bear- 
ing, an arc of radius 7, clearing this end and 
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cutting the rod centre line at 6 will provide a 
radius ob producing a circle in which the rods 
could swing on any angle during the movement 
unchecked within the circle. This circle, it will 
be seen, intersects the columns at Jm and np 
indicating a zone of possible interference. 
Before checking this part of the movement 
we may observe that the inside outline of the 
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columns are symmetrical about the engine 
centre line, thus allowing us to pay attention 
to one side only. We have now limited our 
search to the angle Jom. Proceeding, an outline 
of the rod drawn in its true position with the 
crank at the points c, d, and e will show that the 
rod will clear the fixed parts throughout the 
revolution of the crank. 
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By E. W. Workman, B.Sc., A.M.I.E.E., ETC. 


LESSON XIII 


THE EMPLOYMENT 
DEPARTMENT 


Staff Requirements. In dealing with nearly 
every department mentioned in these lessons, 
it has been necessary to point out the importance 
of having on the staff men and women who have 
particular characteristics suited to the depart- 
ment to which they are attached. It is of the 
utmost importance to the welfare of a factory 
that the employees shall be chosen in the most 
efficient manner. The problem is always to get 
the right man in the right place, and if this is 
accomplished successfully there is a very much 
greater chance that the remaining problems of 
the factory will also be solved in a satisfactory 
and efficient manner. In fact, important as 
are the problems of good organization and good 
plant, the choosing of a good staff is probably 
of still higher importance. This is especially so, 
as equipment and methods of organization are 
becoming more and more standardized and are 
available to all competing firms alike, so that 
ultimate success will rest with the firms that 


choose and retain the best and most suitable 
staff. 

Old and New Methods. As regards the old 
methods, it would be more correct to say that 
they did not exist. The engaging and dis- 
missing of employees was a matter entirely in 
the hands of the foreman or head of the depart- 
ment, who might or might not have the gift 
of being able to choose his staff correctly without 
an undue amount of trial and error. The 
necessity of adopting better methods is appar- 
ent when one considers that every person is far 
more suited to a particular class of work than 
to any other that he may attempt. The diffi- 
culty is, of course, that a man very often is not 
aware of the type of work most suited to him as 
he has never had any opportunity of change 
from the work into which he originally drifted 
on leaving school. At the same time, if a man 
is not doing the work for which he is most 
suited, he is not working at his maximum effi- 
ciency, and both the man and the factory are 
losers financially. 

Labour Turnover. This phrase is used to 
denote the amount of change in the personnel 
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of a firm, due to the engagement and discharge 
of the individual employees. Why the subject 
has received so much attention of late is that it 
has been found to be a most expensive process, 
costing far more than is generally realized. 
Mr. M. W. Alexander, of the General Electric 
Company, carried out investigations in America, 
in 1912, in a large group of factories that 
employed 38,668 workers at the beginning of 
1912, and 46,796 at the end of the same year. 
To attain this increase of 8,128 workers, 44,365 
had been engaged during the year, i.e. about 
five and a half times the number of persons 
required. In investigating a labour turnover 
of 22,225 employees he found that the average 
cost to the firm was about £7 for each person 
engaged, for which he gave the following details— 


1. Clerical work of hiring . 3 A 
2. Instruction given new employee 8s. to £4 
3. Increased wear and tear, and 


damage of machinery and tools . 4s. to £2 
4. Limited output EL Oneal 
5. Spoiled work . 5 ite 
Other estimates ranged from £6 to as high as 
£30 or £40. 
Reasons for High Turnover. The rate of 


labour turnover should be watched in every 
department, and if the rate appears excessive 
in any particular department, investigations 
should be made to try and discover the cause. 
The main reasons of a high turnover are as 
follows— 

1. Wrong type of workers being engaged. If 
this is the cause of the high turnover, something 
is wrong with the organization of the employ- 
ment department. 

2. A foreman or head of a department with 
whom it is difficult to get on. Such officials are 
often very skilled technically, and it is often a 
difficult matter to determine whether the high 
degree of skill compensates for the difficulties 
that arise in connection with the department. 

3. Bad working conditions. In this case it 
will usually be found cheaper to alter the bad 
conditions, rather than to incur the perpetual 
expense of a high labour turnover. 

4. Outside causes. These may be subdivided 
into— 

(a) The offer of a better position. 

(b) Retirement because of old age. 

(c) Domestic reasons necessitating leaving 
the district. 


The Employment Department. The offices 
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allocated to the employment department must 
contain sufficient waiting room for applicants 
for work, and also a private interviewing room 
in addition to the clerical office where the 
employment records are kept. The department 
should be in charge of a responsible “ Employ- 
ment Manager.” The work of the department 
consists of— 

1. Supplying employees in answer to depart- 
mental demands. 

2. Keeping down the labour turnover. 

3. Keeping records of the engagement, pro- 
motion, and particular characteristics of each 
employee. 

This work is better concentrated in one 
department because— 

1. An applicant is more likely to be sent to 
the most suitable department. 

2. Interviewing is better done by a specialist 
with an accumulated experience of engaging 
employees. 

3. Appointments are more likely to be made 
for the general good of the firm, and with less 
private favouritism for friends. 

Engaging Employees. The usual procedure 
is for the employment manager to interview 
every applicant for work and to make a record 
of the necessary particulars, such as name, age, 
trade, wages expected, etc. These particulars 
are recorded on a standard card, and sent with 
the man to the head of the department where 
it is proposed to place him. If engaged by this 
department, the card is returned to the employ- 
ment department and forms the basis of the 
future record of the man’s progress whilst in 
the factory. The employment department is 
responsible for notifying the wages department 
of the terms of the engagement. Similarly, 
when a man leaves or is dismissed, the notifica- 
tion is received by the wages department from 
the shops via the employment department. 
Another duty of the department is to see that 
all legal requirements are carried out in regard 
to the engagyement—especially as regards women 
and children. 

When the employment manager finds a good 
man who is not required at the moment, or who 
is not immediately able to accept an offer of 
employment, he should keep in touch with the 
particulars by means of special filing of the 
record card. 

Follow-up Work. In addition to the particu- 
lars already mentioned, future transfers between 
departments should be notified to the employ- 
ment department, so that the history record 


” 
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may be complete. By a study of these cards, 
the employment manager may learn a great 
deal that will guide him in the future engage- 
ment of employees, and which will show him 
wherein his judgment tends to err. 
Apprenticeship. Some organization is needed 
to deal with questions of apprenticeship, and 
this is very often undertaken by the employ- 
ment department as the work is closely allied to 
its own. On the other hand, a separate educa- 
tion department may exist, in which case this 
is the right place to deal with apprenticeship. 
In some works the education department 
comes under the same head as the research 
department, this arrangement being of con- 
siderable value in the case of the more highly- 


~ educated apprentices who can do advanced 


research work. 

Apprentices may be divided into two cate- 
gories— 

1. Trade apprentices, whose object is to 
become skilled tradesmen. ; 

2. Technically educated apprentices, whose 
object is to gain a practical training before 
being appointed to one of the higher staff 
positions. Some firms have well-organized 
schemes in operation for this class of apprentice, 
whereby they are engaged immediately. after 
obtaining a technical degree. In the course of 
a two or three year training course such students 
are given experience in a variety of depart- 
ments, and at the end, if suitable, they are made 
the offer of. a staff position. This procedure 


_ ensures that such a firm has its responsible 


posts filled by men with good education, and a 
broad knowledge of the ramifications of the 
departmental organization of the particular 
firm. 
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Lectures. For both types of apprentices, suit- 
able courses of lectures may be arranged, and 
these may be given either during ordinary works 
hours or in the evenings. Such courses of 
lectures may be supplemented by lectures given 
by heads of departments immediately after the 
works normally close, and available to any 
employee who cares to attend. These lectures 
would deal with the work of the department to 
which the lecturer was attached, and questions 
would usually be replied to at the close. A 
series of lectures on these lines not only serves 
a valuable educational purpose but, at the same 
time, tends to make smoother the relationship 
of employer and employee. 

Conclusion. In these last eight lessons the 
organization and duties of a number of depart- 
ments have been discussed. The departments 
selected probably represent the most important 
that will be found in any engineering works, 
but it must be emphasized again that whether 
more or less departments are found in any 
particular firm depends on the particular local 
conditions that exist and determine the most 
suitable organization. Works organization can 
never be stereotyped, if it is, it becones ineffi- 
cient and dead, and ceases to be worthy of the 
name. Routine must be established, but the 
routine must always be open to change and 
improvement when new conditions demand, and 
the most suitable routine will often vary some- 
what according to the people who deal with it. 
Thus, works organization and management is a 
study, a practical study, and a study that can 
never be ended. Its object is to make the best 
of men and material, and in doing this, the very 
best also will be demanded from the one who 
organizes and manages. 


(CONCLUSION) 
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By JosepH G. Horner, A.M.I.Mecu.E. 


LESSON XX 
TURRET LATHES 


Definitions. The term “ turret,” following that 
of the ‘‘ monitor,” originated in America, named 
after the gun turrets in battleships. It em- 
braces all those designs in which a battery of 
tools is carried in a revolving body. Over here, 
a distinction is made between the turret and 
the English term “ capstan” lathes. A capstan 
slides along a base which is set on and clamped 
to the lathe bed ; a turret fits on a saddle that 


Brass Finishers’ Lathes. These are still 
generally hand-operated, and they commonly 
include a chasing bar pivoted at the rear for 
cutting short screw threads, the lead being 
derived from master hobs slipped over an 
extension of the mandrel. The mandrel is 
hollow to receive the stock bars thrust in from 
behind, and having the loose end supported on 
a floor stand. In most cases a capstan has 
axial movement, only, but a cross slide is fre- 
quently included in brass finishers’ lathes for 
facing operations. This may be lever-operated 
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slides along the bed, carrying the turret with it. 
The latter has advantages which secure its 
popularity over the other, because the length 
of travel of a capstan is limited by that of its 
base, while that of a turret may be as much as 
the length of bed will permit. A long travel 
is very desirable when long boring bars with 
pilot ends have to be drawn back far enough to 
clear the cross slide, and to be rotated to bring 
succeeding tools into action. A typical turret 
lathe is shown by Fig. 135 by the Warner & 
Swasey Company, of Cleveland, Ohio, U.S.A. 
Similar machines are made with all-geared 
heads. The utilities of the common lathe are 
frequently extended by mounting a capstan on 
the carriage of the slide rest to carry from four 
to six tools. A simple locking device for each 
station is operated with a hand lever. There 
are many diversities in these forms. 


only, or a slow feed’ may be included with a 
screw. Stops control the limits of longitudinal 
and cross feeds. 

The Capstan, or Turret. The fitting of this 
element to its base is done in various ways, the 
main object being to avoid slackness due to 
wear, to provide secure locking, and stability 
with heavy overhanging tools. Most heads 
have the holes that receive the tool shanks 
pierced right through to permit of the passage 
of stock bars through when the tool is mounted 
to one side. For this the capstan must have 
an even number of holes. A few capstans are 
tilted so that the longer tools clear the top of 
the cross slide without a large range of backward 
movement. 

A simple form of hand-operated capstan is 
shown in the group of Fig. 136, but designs are 
modified in many different ways. In this 
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example the capstan A is circular, pierced with 
six holes. A lever, fulcrumed in the pivoted 
boss C and passing and sliding through the 
swivel boss B moves the capstan slide along its 
base. A ratchet D imparts one-sixth of a 
turn to the capstan on the backward stroke, 
when the pivoted lever E makes contact with 
one of the teeth. Then it is locked with a spring 
plunger F that enters one of the tapered slots 
in the base of the turret. The unlatching of 
the capstan is effected by the pivoted dog G, 
one end of which enters a slot in the plunger 
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only in the smaller lathes. Others have flat 
facets, which are desirable, because they afford 
abutments to which heavy tools and boxes of 
tools can be bolted firmly, a security which is 
lacking when a stem is only clamped in a round 
hole. Always the work of these lathes tends 
to become heavier, and the combinations of 
tools more intricate, and heavier. 

In Fig. 136 a single adjustable stop is seen, 
which locates the termination of a cut without 
tentative measurements. But to use one stop, 
to arrest the cut of, say, half a dozen separate 
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F, the other end carrying a roller that comes in 
contact with a stop plate H, screwed to the 
base. The upper end then draws the plunger 
back in opposition to the spring at its tail end. 
Conversely, when the slide is fed forward to 
bring the tool up to its cut, the ratchet is dis- 
engaged from the lever E, the roller leaves con- 
_ tact with the stop plate, and the spring at the 
end of F forces it along until its tapered end 
enters and locks in a notch in the indexing plate. 
A tapered gib prevents risk of the development 
of lateral play in F with inaccurate indexing. 
The turret pin is tapered to take up wear. 
Parts in frictional contact are hardened. Details 
of locking arrangements differ much in various 
designs, and the method of gibbing the turret 
slide to its base. The circular capstan is used 


tools means that the length of travel of each 
tool must be accommodated to the limit of 
travel of the stop. This entails much tedious 
setting of every tool when shoulders must 
occupy accurate relations. A design therefore 
now more commonly adopted is that of mount- 
ing a separate stop for each tool. The stop 
bars, screwed for adjustments, are carried in a 
revolving disc at the rear of the slide, and each 
is set to suit the travel of its tool the movement 
of which it arrests. Automatic mechanism 
operated by the revolution of the capstan causes 
a partial rotation of the disc to bring the stop 
into contact with an abutment face on the base. 
Hexagonal bars with slots with stop dogs are 
often used in front of the bed. In the turret 
lathes proper, where the turret and its carriage 
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slide together along the bed, the longitudinal 
motion is derived from a splined feed rod 
actuated from the headstock. When the move- 
ment is arrested by a stop rod, the effect is to 
throw a drop worm out of action, and so trip 
the feed and break the connection between the 
feed rod and the slide. 

Headstocks. The headstock for a capstan or 
turret lathe has a hollow spindle for the passage 
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cap B which is attached to the draw tube. The 
sliding is produced by a pair of lever dogs at 
the extreme left, fulcrumed in a collar on the 
tail of the spindle, and put into action by the 
thrust of the coned collar B’ against the long 
arms of the dogs, when the short arms press 
against the end of the draw tube, thrusting it 
to the right and closing the collet on the bar. 
Moved in the opposite direction the pressure is 


of bars from the back, introduced on the early 
screw machines, with the Parkhurst wire feed, 
previous to which single pieces could only be 
chucked from the front. It also includes some 
form of collet chuck for the gripping of bars 
after they have been fed through a predeter- 
mined distance from the rear. Some heads are 
designed for dealing with both bar and chucked 
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work, but the tendency now is in favour of 
limiting the function of a machine to one or the 
other. 

Fig. 137 is a typical spindle with collet A 
closed with a tube of the push out type, in some 
' designs the tube is drawn back. It is pushed 
along to the right for gripping, and moved to 
the left for release. The collet is coerced 
concentrically by the coned ends of the encircling 
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released, and the elasticity of the collet permits 
it to open sufficiently to permit the bar to 
be fed. The coned collar is slid with a lever 
in the bracket below, moving on a rod and 
engaging the slipper in the annular groove in 
the cone. This is moved with a hand lever, or 
automatically with a suspended weight, by 
power in a large group of machines. The stock 
that passes through the hollow spindle is sup- 
ported at the left-hand end in a bracket on a 
continuation of the bar that carries the feeding 
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bracket, or on a floor stand at the rear, when 
feeding is effected with a lever, or with a 
suspended weight. The capacity for bar work is 
the size of the hole in the hollow draw tube, but 
articles put in from the front can be much larger 
by employing adapter chucks, of which there are 
many designs. An extreme example is shown 
by Fig. 138, for gripping large discs. 

The Cross Slide. This, originally a cut-off rest, 
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now fulfils many functions, among which the 
severance of pieces finished from bar is of lesser 
importance. An example is seen in Fig. 135. 
Tool posts are carried at front and back on a 
top slide that has a transverse movement 
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front of the slide to hold our tools is a common 
equipment. 

The Tools. Among the multifarious tools 
used, some types include many variations. 
Very briefly they are the following: The stop, 


) 
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across the carriage, which may be clamped on 

the bed, or be traversed for turning or screw 

cutting. The tool posts are fed inwards for 

cutting off, for forming irregular outlines, for 

surfacing and knurling. Cross movements are 

effected by hand or automatically. The front 
SF 
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and back tools holders are operated indepen- 
dently or in unison, with a hand lever or a 
screw. Stops are fitted to arrest the move- 
ments of the tool posts for sizing. Tool posts 
in a variety of designs are fitted to suit the 
numerous designs of cutters, employed both for 
roughing and finishing. A square turret on the 


set for arresting the projection of the stock bar 
at a precise length before commencing opera- 
tions. Tools for centring, often combined with 
facing cutters. Pointing tools that chamfer the 
end of a bar before commencing to turn it. 
Turning tools have very numerous forms. The 
simplest are hollow mills, Figs. 139, 140—the 
first being of one dimension, the second having 
slight adjustability with the encircling ring. 
More elaborate forms have one or more cutters 
in a holder, working in opposition to a steady 
or steadies—either a vee, or rollers, embracing 
the work in opposition to the tools, and radially 
adjustable to size the diameter. These are the 
“ Dox tools” which will often be turning more 
than one diameter, shouldering, and roughing 
and finishing. One of the simpler box tools is 
shown by Fig. 141—a Brown & Sharpe design. 
The shank fits in one of the holes in the turret. 
The rollers are supported centrally on pins that 
pass through the forks of slotted slides. The 
slides are adjusted radially with the screws A, 
A, and locked with the nuts B, B, on studs 
tapped into the slide. The cutters are sup- 
ported on convex pads D for their tangential 
setting to the work, adjusted and clamped with 
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the two screws above. A second holder is 
adjusted along the box body to deal with 
shoulders or ends or other operations. 

Drilling and boring are done from the turret, 
either separately or at the same time as turn- 
ing. Here, as in other cases, the operation that 
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be included in sizes less than about rin. An 
advantage which these and the opening dies 
have over the solid forms is that they can be 
adjusted to cut slightly under or over exact sizes. 

The Work Done. The turret lathe is a machine 
of general utility, adaptable to small and large 
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takes the longest time sets the pace, so that the 
other involves no expenditure of time. Flat 
drills are used for brass work, twist drills for 
other materials. They are clamped in sockets 
or in self-centring collet chucks. Reamers of 
all classes are used, solid-shanked, shell, ex- 
panding, parallel, and tapered. They are 
usually held in floating holders, the slight 
freedom of movement of which enables 
the reamer to follow its hole and smooth it. 
Boring tools are similar to those used in 
lathes and other machines. They are single, 
or double-cutting, inserted in bars with 
shanks, fitting turret holes, and, when the 
overhang is considerable, having pilots enter- 
ing the spindle or a bush in the spindle. 
Minute adiustments for radius are made with 
screws. 

Screw cutting is performed with solid, or 
with opening dies, or with chasers controlled 
with a master screw in front of the bed, sliding 
a chasing saddle. The rotation of the work has 
to be reversed when a solid die is run off the 
thread, or a solid tap from its hole. Opening 
_ dies are now in the ascendant, the chasers being 
thrown off contact automatically on the com- 
pletion of a thread. Collapsing taps are also 
used to alesser extent. The mechanism cannot 


quantities—a dozen pieces, or ten thousand. 
For the first, standard tools are selected, for 
the second the entire set-up may be schemed 
anew with the object of saving seconds on a 
piece, when the high cost of the tool outlay 
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shrinks into a matter of microscopic interest. 
The following drawings of sets-up, for which I 
am indebted to the Warner & Swasey Company, 
are self-explanatory. They show the piece of 
work, the batteries of tools, and the sequence 
of operations. 
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Vig. 142 illustrates multiple cutting ona worm cone or wedge, and Fig. 146 its tool equipment. 
gear blank. It requires two outside turning, Multiple cuts are taken from the turret, and 
and one boring cut. A multiple turning head from the cross slide at one time. Fig. 147 is 
holds two cutters for the outside diameters, a clutch ring, Fig. 148 its tools. Facing is 
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and a boring cutter for the hole, adjustable, and done from the square turret on the cross slide, 
all cutting simultaneously. Fig. 143 shows a turning and boring from the turret. Three of 
fan shaft, and Fig. 144 the tool layout for it. the turret holes are not required. The turning 
Six sets are mounted on the turret and twosets being heavy, the holder is steadied with a pilot 
on the cross slide. Fig. 145 shows a chucking _ bar. 
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| BLAST FURNACE PRACTICE 


By Percy C. R, Kinescotr, D.1.C., A.R.C.Sc., F.1.C., B.Sc. (Lonp.) 


LESSON. XI 
FUELS 


FUuELs used in iron smelting are three in num- 
\ ber, viz., coke, charcoal, and anthracite coal, of 
which the first is most widely used. Its pre- 
dominance in this respect is becoming greater, 
and charcoal and coal are now used in limited 
cases. The duty of the fuel is twofold; it 
supplies heat and acts-as a reducing agent 
towards the oxides of various elements present 
in the burden. As the rate of smelting is pro- 
‘portional to the development of heat, it is a 
sine qua non that the fuel should be readily 
consumed by the blast. 


COKE 


Coke is a light, porous fuel produced by the 
distillation of bituminous coking coals, and 
consists essentially of fixed carbon and ash. 
It contains also a certain amount of volatile 
matter residual from the coking process, some 
sulphur, and varying amounts of free water due 
to quenching the hot coke. In coking, the coal 
softens, swells, and evolves gases from this 
viscous mass, leaving a hard porous structure. 
Good coke is gray in colour, porous, yet hard 
and resisting. These qualities largely depend 

upon the coal, its preparation before coking, 
upon the temperature and duration of the 
process, and upon oven design and practice. 
The impurities in coal are sulphur and phos- 
phorus. Part of the former is removed during 
the coking process, but the latter, which is in 
the form usually of calcium phosphate, remains 
unchanged, being obviously of higher percen- 
tage content in the coke than in the coal. Its 
sulphur content, varying from 0-4 to 2 per cent, 
or over in inferior qualities, is the worst chemical 
feature of coke as a fuel. Generally, sulphur 
ranges 0-8 to 1-5 per cent. The amount of 
phosphorus present is generally fairly low, 
but this is very important in the manufacture of 
special low phosphorus pig-iron, as all the 
phosphorus present in the burden enters the 
-metal, whereas sulphur can be dealt with by the 
proper use of slag making materials, and by 
hearth heat. 
Coke ash is usually siliceous, and needs the 


addition of basic flux. The greater quantity of 
slag requires extra carbon to melt it, besides the 
fact that ash takes the place of carbon in the 
coke. Dirty coals usually receive a preliminary 
treatment which removes, in various ways, the 
inorganic matter not intimately associated with 
the coal substance. The ash in coke consists 
of free shale particles, natural ash and that 
carried over by the washery water in the form 
of fine slurry. This latter increases the sulphur 
content of the coke, and interferes with the 
cohesion of the particles of coal during the 
coking process. 

Properties of Coke. Blast furnace coke is at 
present the cause of much discussion as to its 
essential properties regarded in the light of an 
efficient and economical smelting fuel. The 
chief characteristics are briefly described below— 

I. Porosity is calculated from determinations 
of the true and apparent specific gravity. 
Porosity is undoubtedly a factor in the com- 
bustibility of coke but, with different cokes, the 
size of the pores and the thickness of the walls 
differ greatly, thus probably masking the effects. 

2. Size. The general tendency nowadays is 
to use coke in pieces graded to pass a mesh of, 
say, 4in. The combustibility of the fuel which 
governs the speed of the furnace is affected by 
the size of the fuel which, in turn, decides the 
surface presented to the oxygen of the blast. 
Modern American practice depends upon the 
rapid production of CO, and this is largely 
brought about by the grading of the coke, in 
order to achieve the greatest action with the 
blast. In addition, by reason of the furnace 
lines, the utmost freedom is given to the coke 
to reach the tuyeres (J.J.S.J., Vol. CXII, 340). 

3. Resistance to Crushing. Much stress has 
been laid upon this condition, but most normal 
cokes are capable of resisting compression in 
the furnace. Weill (R. Met., 1905, 557) showed 
that breakage of coke in the blast furnace was 
not due to crushing, and Johnson has shown 
that whereas the pressure of the stock column 
never exceeds 35 or 40 lb. per sq.in., yet very 
ordinary coke withstands crushing stresses of 
several hundred pounds per square inch. 

4. Resistance to Abrasion. A coke in its 
passage through the furnace must not produce 
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breeze, and must necessarily be strong enough 
to reach the tuyeres intact. Coke is tested in 
a rotary drum, which revolves a definite number 
of times, and the resultant coke remaining on a 
screen of definite mesh gives the hardness which 
is also connected with— 

5. Resistance to Impact. This also concerns 
the production of breeze which embraces sizes 
from dust to pieces passing a I-in. mesh. 
Breeze acts as a neutral body in the furnace 
instead of producing heat, and also is a fruitful 
source of furnace stoppage. It has been proved 
that the elimination of breeze by passing coke 
over a screen with 14in. mesh results in a 
reduction of coke actually consumed. Some- 
times this breeze is re-screened, and pieces over 
% in. in size are charged with the coke into the 
furnace. 

Coke makers endeavour to produce a resist- 
ant coke, and modern furnace plant includes 
coke screens and charging gear whereby the 
number and extent of the coke drops are as 
low as possible. Some cokes are soft, yet 
resist “shattering ’’ blows, whilst others with- 
stand abrasion, yet are brittle owing to cracks 
possibly caused by over-coking or in the 
quenching process. 

6. Combustibility is a measure of the reaction 
between the coke and the oxygen of the blast. 

Combustible coke burns rapidly at the tuyeres, 
an intense hearth temperature thus ensuing. 
Arend and Wagner (Re. de Met., Vol. 21, 585) 
state that a coke with a high combustion 
temperature, but not necessarily readily com- 
bustible, is required. But an insufficiently 
combustible coke causes combustion to extend 
too high in the furnace, causing high blast 
pressures and heat losses. Weyman (/.S.C.I., 
Vol. 44) suggests that as coke is not a homo- 
geneous substance it undergoes preferential 
combustion, and there is a range of temperature 
over which ignition is spread. 

As was pointed out earlier, the coke sizes, 
combined with the furnace lines, have an 
important influence upon rate of burning. It 
seems to be agreed that the best blast furnace 
coke is made in narrow ovens, particularly 
where the coal has been cleaned and finely 
ground. 

7. Reactivity has been defined as the equili- 
brium law of the reversible equation 


CO,aGS=200. 


Arend and Wagner (loc. cit.) show that 
reactivity increases with porosity, but cokes 
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with equal porosity and made from different 
coals vary in activity, which thus depends 
upon chemical composition and coking methods. 
Reactivity increases with rise in temperature, 
and it is suggested that a saving in coke can 
be made by using a fuel with lower reactivity 
in the range 500-1,100°C., ie. a hard and 
compact coke. It is possible to produce a 
coke readily burned by the blast yet with low 
reactivity in the reducing zones. 

In general, under-coked and soft cokes are 
dissolved by CO,, and tend never to reach the 
hearth. 

Brassert has stated that the silvery graphitic 
skin on the coke pores renders the fuel less 
soluble in CO,, yet affording rapid combustion 
at the tuyeres. Schreiber (Brennstoff-Chemie, 
1923, Vol. 4) cites the work of Bone on decom- 
position of CH,, and states that graphite is 
formed in this manner. Korevaar (Combus- 
tion in the Blast Furnace, p. 168) controverts 
this theory by stating that graphite soils the 
hand, whereas coke does not, moreover that 
graphite is not produced at coke oven tempera- 
tures. Mathesius (A4.J.S.J., May, 1917) admits 
that the ideal of a highly combustible coke 
immune from solution loss is apparently para- 
doxical, but claims that better coke practice has 
been obtained: by the use of such fuel. 

The influences of combustibility and reactivity 
which are intimately bound up with one 
another are thus not clearly settled, and it is 
possible that the good effects of modern fuel 
are entirely due to the production of hard tough 
coke in narrow ovens with short coking periods, — 
and where the coals have been properly cleaned, 
mixed, and crushed before coking. 


PRODUCTION 


Coke is made in beehive and by-product 
ovens, the latter producing, nowadays, the 
majority of the coke output. The former are 
rapidly being displaced. | ; 

Beehive Oven. This. oven, as its name 
implies, resembles in shape a beehive, being a 
section of a vertical cylinder ‘about 13 ft. in 
diameter, about 3 ft. high and surmounted by 
a section of dome, the total height being 6 or 
7 {t. The ovens are built of firebrick, capable 


of withstanding heat and abrasion, and are — 


built in rows. Alternate ovens are charged 
and drawn, the coal being charged to a depth 
of about 3 ft. by means of an opening in the 
crown of the dome, and coke being withdrawn 
by means of a door at the front of the oven. 
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After levelling the coal and partially closing the 
dome opening, the distillation commences by 
reason of the heat remaining in the oven and 
its surroundings. At the end of the coking 
period the contents of the oven are quenched 
with water, this cooling producing a columnar 
structure in the coke. By-products are wasted 
in this process, the waste gases being usually 
led to waste-heat boilers. 

A typical example of beehive coke is 


Ash Volatile Sulphur 

g°0 35 8 

By-product Ovens. These ovens are concerned 
with the recovery of the valuable by-products, 
viz., ammonia, benzol, tars, etc., as well as the 
surplus gas not required for heating the ovens. 
There are several well-known types, such as the 
Otto, Coppée, Koppers, Semet-Solvay, Piette, 
Simon-Carvé, and Wilputte. 

Briefly, the ovens form a series of narrow 
coking chambers about ro ft. high, 16 to 24 in. 
in width, and about 30 ft. long, provided with 
a door at each end. Coal is either admitted 
loose through holes in the roof, or is pushed into 
position in the oven in the form of a stamped 
cake. In this type of oven, the coal is more 
quickly coked than in the beehive oven, and 
little heat is lost as the coke is pushed out of 
the chamber before it is quenched. The oven 
walls contain flues and burners in which about 
50 per cent of the treated gases are burnt, the 
products of combustion giving up their sensible 
heat to checker work in regenerators before 
passing up the chimney. Being heated from 
either side, the coke has a cleavage plane up 
the centre. It has a dark grey colour and is 
generally free from lustre, unlike the beehive 


' Moisture 
2°0 per cent 


product. A typical analysis of patent oven 
coke is— 
Ash Volatile Sulphur Moisture 
50:0 15 IZ 5:0 per cent 


VALUATION OF COKE 


The value of a fuel is dependent upon its 
content of available carbon, this being the 
amount of carbon left after deducting that 
necessary to melt the slag produced from its 
ash, sulphur, and added flux. In order to 
estimate the limestone required, an analysis of 
the coke ash as well as its percentage amount 
should be considered, as some ashes are more 
siliceous than others. However, Forsythe con- 
siders it sufficient to estimate the approximate 
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amount of flux by taking 2 lb. of limestone per 
pound of ash and 34 Ib. of limestone per pound 
of sulphur. Taking a coke of the following 
analysis, and assuming the sulphur entirely 
enters the slag— 


Fixed carbon 84 per cent 
Ash .. 5 LG 
Sulphur 0°95 


the amount of stone required will be— 


(2 X Io) + (3°5 X *95) = 23°33 per cent. 


Assuming that the limestone produces 55 per 
cent of its weight as slag, then per 100 parts of 
fuel, the slag will be— 


10 + °95 + (23°33 X °55) = 23°78 parts. 


As before, taking 25 per cent carbon to melt 
the slag requires 5-94 parts of carbon. 

Hence, available carbon in the coke = 84- 
5°94 = 78-06. 

When comparing the cash values of different 
cokes, it is evident that the cost of the coke 
and limestone per ton, and the percentage 
content of available carbon, will be required. 


CHARCOAL 


Charcoal results as the dry distillation of 
timber in closed retorts. An average analysis 
is as follows— 

Fixed carbon Volatile Moisture Ash Phosphorus 

86°50 70 50 Io 02 

It is a very friable and porous fuel, but is 
the purest in use. As mentioned before, it has 
only a limited scope, and is used in the smelting 
of rich, low phosphorus ores, where such ores 
and timber are available. The fuel consumption 
in such furnaces is much lower than in coke 
furnaces, owing to the absence of sulphur which 
enables the smelting to be accomplished in the 
presence of siliceous, easily melted slags. 


ANTHRACITE 


This natural fuel possesses many of the 
characteristics required in blast furnace opera- 
tion. It is high in fixed carbon, low in ash, 
sulphur, and phosphorus, and is physically 
strong. It is undesirable on account of the 
absence of cell structure, and its. tendency to 
decrepitate when heated. It is generally used 
mixed with some coke, and its consumption is 
confined to its own locality of production. 
Such furnaces are provided with by-product 
recovery plants, when not open topped. 


1384 


FLUXES 


As previously stated, the duty of the flux is 
to render fluid the gangue of the ore and the 
fuel ash, and also to remove the major portion 
of the sulphur in the burden. 

The cheapest form usually is limestone, but 
as it is difficult sometimes to obtain a high-grade 
quality, those containing varying amounts of 
magnesia are then used. Frequently, a mixture 
of dolomite and limestone forms the flux. 

Limestone is carbonate of lime usually 
associated with small amounts of silica, etc. 
When heated, it breaks up according to the 
equation— 


CaCO, = CaO + CO, 


This elimination of CO, can be performed 
outside the blast furnace, and it would appear 
advantageous to do so, particularly as CO, 
is evolved in that zone of the furnace where it 
can attack carbon. Bell showed that external 
calcination had no marked advantage in cost. 
It is probable that lime absorbs CO, in the 
furnace top, and the theory has been propounded 
that the evolution of CO, from limestone in the 
furnace prevents the accumulation of carbon, 
due to the catalytic action of fine ores, which 
would otherwise tend to block up that part of 
the stack. The endothermic reaction also tends 
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to cool the gases and prevent premature com- 
bustion (J.4.J.SJ., 1917, Mathesius, Chemical 
Reactions of Iron Smelting). 

The presence of magnesia seems to have no 
appreciable effect on the action of the flux 
although, theoretically, each molecule of MgO 
has a chemical power 1-4 times as great as that 
of a molecule of CaO. 

At the same time, dolomite has been used 
with great success in many places, e.g. Alabama. 

The flux is best used when broken up to a 
regular size, generally such that it will pass 
through a mesh from 4 to 6in. It is advisable, 
however, to screen out the dust. 


Valuation. The available base or efficiency 


of a limestone is that portion left after the CO,, 
acid components, and sufficient lime to flux the 
latter have been subtracted. For example, 
taking a limestone with the following analysis— 


CaCO, SiO, Al,O3 
96 a5 5 


and assuming the ratio of bases to silica in the 


slag to be 1:3 : I— 


96 x «56 
3°5 X 13 


Available base 


53°76 CaO present 
4°55 CaO needed to flux the Silica, 


Hl 


49°21 
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OUTLINES OF LOCOMOTIVE ENGINEERING 


By A. Morton Bett, O.B.E., M.I.Mecu,E,, M.I.Loco.E. 


LESSON VIII 
THE FRAMING 


THERE are two distinct forms of framing em- 
ployed for locomotives, “ bar’’ and “ plate.” 
The very early locomotives were built with 
frames constructed of iron bars welded together, 
and cross-braced with stays bolted on. Although 
this form of framing has been retained and is 


the rivets or bolts should be a driving-fit in the 
holes, as-a safeguard against movement during 
service, for there is a great tendency for loose- 
ness developing in a structure constantly subject 
to shocks and vibrations. 

The axle-boxes can be of solid gun-metal, or 
of iron or steel, with bronze bearings inserted ; 
these latter are usually lined with a white metal 
alloy, which contributes to a smooth running 
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in general practice with engines of American 
design, British manufacturers prefer a framing 
of plate (now made of rolled steel slabs), main- 
tained at the proper distance apart by trans- 
verse members built up of plate and sections, or 
as a one-piece detail of cast steel. For the bar- 
framing, greater flexibility is claimed, and 
doubtless there is much to be said for it on this 
score, for plate-framed engines are not favour- 
ites on railways with poor permanent way, or 
in countries where severe cold produces a hard 
track devoid of resilience. 

The illustration (Fig. 32) shows one of the 
framed plates for a 4-4-0 locomotive, with the 
horn blocks, or guides, for the axle-boxes, 
either riveted or bolted on. In either case, 
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bearing, and acts as a check to damage of the 
journal of the axle, should a box run hot. 

The axle-boxes are dropped over the journals, 
and maintained in position by a ‘“‘ keep,” which 
forms an oil reservoir and receptacle for waste, 
or a pad, for lubrication purposes, The construc- 
tion of a representative axle-box for use with 
under-hung springs is clearly shown in Fig. 33. 
To stiffen the guides and assist in maintaining 
parallel faces for the axle-box to slide up and 
down in, a stay, or strut, is provided, fitting 
closely between the legs of the guide. 

A study of the framing shown in the drawing 
(Fig. 32) will enable the reader to follow the 
principles of the spring suspension adopted for 
the bulk of the engine and its superstructure ; 
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the only parts which are not spring-borne, or 
cushioned, are the wheels and axles themselves, 
and it is therefore desirable to keep these as 
light as possible consistent with strength, ser- 
vice, and safety. 

The springs are intended to soften, or absorb, 
the shocks received by the wheels when running 
over inequalities of the permanent way; they 
are of different forms, laminated, spiral, volute, 
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etc, 
of spring steel about 5in. wide by 4in., or 


The first mentioned are made up of plates 


%in.in thickness. The plates are cut to lengths, 
so as to form gradually decreasing support to 
the main top or back plate; they are kept 
together by a band, or strap, shrunk on and 
locked with a bolt, or rivet, passed through. 

There is often difficulty in finding sufficient 
room for suitable laminated springs under or 
above the driving axles, and, then, these have to 
be furnished with spiral, or volute, springs. 

A good and much practised refinement is the 
provision of rubber blocks, to form auxiliary 
springs for the hangers, and deaden shocks 
transmitted to them ; they are claimed to save 
the main laminated springs from much damage. 

The bearing springs of the driving axles are 
coupled up with compensating beams, so that 
equalizing takes place throughout the system, 
to secure a good and equal distribution of weight 
over the different wheels of a locomotive. 

The axles are invariably of steel, manufac- 
tured under stringent specifications for both 
method and material; the metal is subjected 
to severe tests. For outside cylindered engines, 
straight axles are used throughout, but for those 
having inside cylinders, it is necessary to have 
the driving axles “cranked” (see Fig. 34). 
These last-named may be forgings, worked up 
from ingots, or they may be built up from 
pieces machined and produced separately and 
then screwed, shrunk, or otherwise fastened 
together. The crank pins of a crank-axle are 
often drilled, and have bolts passed through to 
act as safety devices in case of breakage of the 
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crank webs; 
make-up. 

The wheel centres are either built up forgings 
of iron or are steel castings, more generally 
the latter, with spokes of oval section. They 
are provided with steel tyres, specially manufac- 
tured from hollow blooms by rolling, so that 
they present weldless circles of uniform quality. 
These are shrunk on to the wheel centres, and 
secured in many different ways against 
turning, the method adopted usually 
incorporating some interlocking device 
in the shape of a retaining ring, held 
in place by rivets, etc., so that should 
a fracture occur, the tyre cannot leave 
the wheel whilst this is running. 

The driving wheels have balance 
weights, either fixed on or cast in 
them, to provide counter weights 
against the heavy reciprocating and 
revolving parts of the engine’s mechanism. 
The bulk, or amount, of these weights is most 
carefully calculated, and often checked over by 
actual experiment, as it is very desirable to 
reduce to a minimum the ‘“‘ hammer-blow ” on 
the permanent way, produced by the inertia of 
unbalanced weights. 

It is usual to balance the total weight of the 
revolving parts and about two-thirds or three- 


the bolts also strengthen the 
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fourths of those reciprocating. The “lead” 
given the slide valves assists in. cushioning the 
latter members of the motion, but cannot, of 
course, reduce in any way the out-of-balance — 
forces due to inertia. 

With locomotives having coupled drivers, the 
weight of the reciprocating parts, is divided for 
balancing purposes over all the coupled wheels, 
but not necessarily in equal proportions. 

To provide for necessary lateral flexibility 
in the wheel base of engines, those portions 


over and above that carried on the drivers are 


generally supported on a bogie truck of one, 
two, or in exceptional cases, three axles. The 
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construction of a typical bogie is well shown in 
Fig. 35, and it is easy to imagine how its pro- 
vision helps engines, such as those illustrated 
in Figs. 3 and 4, in passing round curves; 
without it, and all the wheels rigid, the flanges 
of the tyres at the ends of the framing would 
certainly bind hard on the rails on sharp curves. 

The connection between the main frame of 
the engine and that of the bogie is usually made 
through a pivot and centre pin, which form the 
centre about which the bogie frame can swivel. 
The axles of the bogie have journals revolving 
in axle-boxes, carried in guides on the bogie 
frame, quite independent of the engine framing. 
The frames of the bogie are connected together 
by a central casting, in which the pivot carried 
by the engine is located. This pivot, in turn, 
is firmly attached to a casting, or cross-member, 
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of the main frame of the engine. The latter is 
machined on its under surface, where it rests 
on the bogie casting. In addition to the rota- 
ting movement, allowed by the pivot, the top 
plate is permitted to slide laterally on the cast- 
ing of the bogie under-frame, to the extent of 
r to 14in.; this movement is controlled by 
springs. 

When the length of an engine precludes the 
use of a four-wheeled truck and something 
shorter, or smaller, would meet the weight to 
be carried, etc., a two-wheeled arrangement, or 
“pony,” isused. There are very many methods 
of securing flexibility for such a pair of wheels ; 
perhaps that originated by Bissell, in America, 
many years ago, is the most commonly used. 
Fig. 36 shows an adaptation of this, where the 
axle is carried by a triangular framing, pivoted 
to a cross-stay of the main framing of the 
engine. 

There are also many forms of radial axle- 
boxes in use, depending on movement in 
curved guides, controlled by springs; these 
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arrangements allow the axle to take positions 
radial with the curves of the line. 

To the framing of the locomotive are attached 
the details used for coupling up the trains, 
including links, etc., for draft, and buffers for 
pushing on the British, or European, system, 
or central combined couplers and buffers on 
the American plan. Very considerable advance 
has been made.in late years in the conversion 
from the former to the latter on foreign and 
colonial railways, and in this country the ten- 
dency towards a change is growing year by 
year, largely dictated by the need for increased. 
speed in operation, the working of continuous. 
brakes and electrification requirements. 

The pull of the locomotive is transmitted 
through an elastic connection behind the draw 
hook of the tender, and this detail is rapidly 
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passing from the elementary form it has 
hitherto assumed of plain volute springs or 
rubber pads to a much more elaborate friction 
draft gear, rendered necessary by the increasing 
weight of trains hauled. The side buffers are 
provided with steel springs of either volute or 
spiral form, compressed into the cases. In 
some buffers and draw gear, rubber blocks of 
special manufacture are used with very satis- 
factory results; they are utilized either inde- 
pendently or in combination with steel springs. 

To meet the great length of many locomotives 
it is necessary for the buffer faces to be oval in 
form, or the frame of a long engine standing on 
a sharp curve may occupy such a position that 
its buffers will “ lock-buffer ’ with those of an 
adjacent vehicle, if the heads of the buffers are 
not wide enough to prevent one getting behind 
the other. 

An important detail on which the satisfactory 
adhesion of a locomotive, as well as assistance in 
retardation, is effected is the sanding gear; quite 
a number of different arrangements are in use. 
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Originally, a box of sand was carried on the 
locomotive and the contents sifted on to the 
rails by hand; next followed a pipe from the 
oot-plate down which it could be poured by 
hand. This latter particular method of sand- 
ing the rail is still practised on some mountain 
railways, due to the difficulty of applying it 
effectually by mechanical means on to the rails 
when passing round very sharp curves, etc. 

Considering mechanical arrangements opera- 
ted by steam or air, the sand which has been 
dried before storage, is drawn from the sand 
box by the suction of a steam or air jet, which 
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many. other conditions arising in ordinary 
traffic wherein the sand box becomes a most 
essential adjunct. 

All locomotives, tender or tank, are now pro- 
vided with brake gear, although in early days 
this was usually confined to tank engines and 
the tenders of others, due to the difficulty of 
connecting up the two sets of gearing. With 
continuous brakes, either air or vacuum, this 
is now easily provided for, and in other cases 
steam brakes are generally fitted. 

A brake cylinder is fitted below the foot-plate, 
and its power is applied to a cross-shaft which 


Fic. 36. BissELL Truck 
B. Plan 


A, Side elevation 


then drives it under the wheels. It is not 
difficult to imagine, however, when a high side 
wind is blowing that sand may be scattered 
before it reaches the destined spot, conse- 
quently, apparatus has now been devised 
wherein a much more definite delivery is assured. 
The sand is moistened and stirred in the sand 
box before it is applied by the steam jet in the 
form of wet mud to the rails ; this method has 
gained considerable application, and is said to 
most effectually secure the correct delivery of 
the grit, so much desired. 

It has already been stated that the effective 
adhesion of a locomotive can be increased by 
I5 per cent by sanding the rails, and there are 


C. Cross section D. End view 

has arms connected to pull-rods, which operate 
the cross-beams of the hangers carrying the 
brake blocks. The brake hangers are levers, 
depending from a top pin which forms a fulcrum, 
and the pull at the lower ends transmitted 
through the cross-beams force the blocks 
against the wheels. : 

It is very desirable, wherever possible, to 
arrange the brake blocks so that they grip the 
wheels “‘ crab-fashion,”’ as this will obviate the 
very undesirable stresses produced by an 
unbalanced thrust against one side of the wheels 
only. 

There is a growing tendency to fit the bogies, 
as well as the driving wheels and other carrying 
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wheels, with brake blocks. This procedure 
is more easy of following when the air brake is 
used, owing to the small size of the cylinders 
required; if the steam brake is relied upon, 
then a complication ensues with the gearing 
unless a number of separate cylinders are used. 

As the brake blocks wear, adjustment has to 
be made to take up the slack, or slow and 
irregular operation will result. It is also very 
important that. the blocks should be well 
balanced on their hangers, or precautions taken 
against them tilting on to the wheels when the 
brakes are off. This tilting, or “‘ hanging on,”’ 
as it is termed, is often the equivalent in resist- 
ance to an additional coach to a passenger 
train. To prevent it, the blocks are often cast 
’ of such a form that the centre of gravity tends 
to keep them parallel with the wheels, but 
perhaps a more definite means is to provide 
springs, which, in turn, can be adjusted; with- 
out something of this nature there is always 
the loose play connected with such details to 
be accounted for. 

Although pilots, or cow-catchers, are not 
deemed necessary in this country, they are very 
important fitments for locomotives running on 
railways unfenced and unprotected. In this 
country it is only customary to fit guard-irons 
on the front of the framing; these are placed 
directly over the rails, and are within I in. or 
so of touching them, so that the obstruction 
must be very small which could pass them ; 
with bogie engines they should be attached to 
the bogie framing. 

Finally, at the other end of the engine, there 
is the foot-plate, which usually consists of a 
casting, often purposely made somewhat heavy 
to counterbalance the weight of the cylinders, 
etc., at the front end. This casting, or “ drag- 
box,” as it is termed, carries the coupling 
attachments for connecting the engine and 
tender, and forms a cross-stay for the framing 
and a base for the cab; the platform on which 
the enginemen stand is built on it.. 

The cab which covers the foot-plate is now of 
much more commodious design than formerly, 
and although in the temperate climate of this 
country it is not considered necessary to com- 
pletely close it in, back and front, the sides 
are brought well back and furnished with 
windows, which can be opened or shut by slid- 
ing. The front plate has as much window sur- 
face as possible, to permit of a good outlook 
being kept. 


1389 


The arrangement of the various fittings re- 
quires careful planning, so that all the handles, 
valves, etc., shall be as accessible as possible, 
whilst the cab floor and fire door are kept clear 
for firing operations. 

Fig. 364 shows the arrangement of the foot- 
plate of the G.W.R. 4-6-0 engine illustrated in 


Fic. 364. Foot-pLatE, G.W.R. LocoMoTIvE 


Fig. 3. From this the position of the different 
fittings will be readily followed. 

In this country the correct position for the 
driver, that is to say, on the right-hand side or 
the left-hand side, has been much debated. 
On the engine shown the driver’s position is 
on the right-hand, and it would certainly seem 
that this is the more convenient side for him 
to stand when firing is in progress. 

The cab roof is prolonged, so as to shelter 
the front of the tender and protect the fireman 
from the weather. 
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THE BALANCING OF ENGINES 


By E. B: Core) BiSe; 


LESSON II 


BALANCING OF REVOLVING 
MASSES—(contd.) 


To draw the couple polygon— 

A couple, as has been stated is a vector 
quantity, i.e. it can be wholly represented in 
magnitude and direction by a straight line. 

The usual method of representing a couple is 
by a vector drawn perpendicular to the plane 


a 


Couple ve 
Vector é 


Fig. 5 


of the couple, i.e. parallel to the axis of the 
couple, the direction being that in which a 
right-handed screw would move if turned by the 
couple. Fig. 5 shows this convention, while 


Plane of revolution 
of load 
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in Fig. 6, on the same convention, the vector 
ab in the reference plane XY represents the 
couple /’x, normal to this plane, produced by 
the rotation of the load W, at the instant shown. 

But for our purpose it will be much more 


convenient if, instead of drawing each vector 
perpendicular to the plane of the couple, we 
turn it through go degrees, and make it parallel 
to the radius arm “‘r”’ of its respective mass, as 
indicated by abt. We can thus visualize the 
directions of the sides of the couple polygon 
without trouble. 

Consider now Fig. 7, a force F, on the left 
of the reference plane, as shown, gives a clock- 
wise moment about that plane, while a force 
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Ff, acting in the same direction as F, but on 
the other side of the plane, gives a moment 
in the reverse direction. 

Hence our rule for drawing the couple vec- 
tors can be stated as follows— 

Choosing one side of the reference plane as 
positive and the other negative, couples on the 
positive side will be represented by a vector 
drawn parallel to the radius arm of the mass 
concerned in a direction measured from the 
axis outwards; those on the negative side, 
inwards towards the axis. 

Fig. 8 shows pictorially a shaft subjected to 
three centrifugal forces, F,, Fy, Fs, due to 
masses revolving in parallel planes, and their 
effect has been considered with regard to the 
parallel plane indicated. 

1. The equal and parallel forces introduced 
in this plane have been combined into one 
resultant by means of the force polygon; 
and 

2. The couples F,%,, etc., that occur normal 
to this plane have also been combined into a 
single resultant couple. Since the forces all 
act on one side of the plane, the couple vectors 
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are all drawn parallel to the radius arms from 
axis outwards. 

In any given case, if the two polygons close, 
then there is no resultant force and no resultant 
couple occurring, ie. the shaft is in perfect 
balance. 

If the couple polygon closes for one position 
of the reference plane then it will close for all 
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Refer the forces to any reference plane, such 
as R (Fig. 9). 

Now we have two unknown balance weights 
to find, which means that there are two unknown 
forces and two unknown couples—unknown 
both as regards magnitude and direction—and 
hence we have not sufficient information to 
complete either polygon, since an infinite 


Fic. 8 


positions of this plane, provided the force polygon 
(which does not depend on the position of the 
plane) closes. 

Method of Balancing. If the closures of the 
two polygons happen to be parallel, then it is 
possible to effect balance of the shaft by the 
addition of a single mass, since its magnitude 
and radius arm may be so adjusted to set up 
the required balancing force, while its distance 
from the reference plane can also be arranged 
to give the necessary balancing couple, the two 
vectors acting in the same direction. 

But, in general, the closures of the polygons 
will act in different directions, then it is possible 
to secure balance by the addition of two extra 
masses in separate planes, since these masses 
may be arranged to produce a resultant force 
in. one direction and a resultant couple in 
another direction, thus closing the polygons. 

Let us work out an example in detail. 

EXAMPLE. Three masses of 500, 900, and 
500 Ib. rotate in planes whose relative posi- 
tions are indicated in Fig. 9. It is required 
to balance this system by the addition of 
two masses, one each in the given planes A 
and B. 

Determine the magnitudes and positions of 
these balancing masses. 


number of figures can be drawn when two sides 
are completely unknown. 

But if we choose as reference plane one of the 
planes containing an unknown balance weight 
(which we are at perfect liberty to do as any plane 
may be taken), we then eliminate one of the 
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unknown couples since the required balance 
weight in this plane can exert no couple about 
this plane, and we can now draw the couple 
polygon. 

The closing side of the couple polygon will 
represent in magnitude and direction the 
couple that must be exerted by the other 
unknown balance weight, which can therefore 
be estimated. 
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It is convenient to tabulate our information 
thus— 


Reference Plane taken at B 


¥ ens Distance Centrifugal Centrifugal 
Plane W Radius from R.P. Force ouple 
8. et x ft. oC Wr OC Wr x 
A 730 (say) 2 3 1460 4380 
B 830 (say) 2 0 1660 0 
4 500 1 4 500 2000 
2 900 15 2 1350 2700 
3 500 2 —1 1 —1000 


(The figures in small type are the results obtained below) 


From the last column it is seen that there 
is only one unknown couple—that which has to 
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be supplied by the mass to be added in plane 
A. Drawing the couple polygon, the couples 
being taken in order in the usual manner, and 
that due to force in plane (3) being reckoned 
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negative, the closure (dotted, Fig. 10 (a) ) 
represents this couple and scales 4,380 units. 


W 1, Bs, = A380 


But %, = 3 ft. 
Wi? = 2460 
Thus, taking ft, = (Say) 2 it 
OW == 7300s 


Now the closure also gives the direction of 
the radius arm for this balance weight W,, 
owing to our convention adopted for drawing 
the couple vectors. 

We can now draw the force polygon, since 
there is only one unknown force—that required 
to be produced by balance weight B. The 
closure of the polygon, Fig. 8 (5), gives the 
magnitude and position of this balance weight, 
ese 

closure = W, 7, = 1660. 
If 7, is taken = 2 ft. 


a 2030 lo: 


Thus, by the addition of masses of 730 and 
830 lb. each at 2 ft. radius in the respective 
planes given, and in angular position on the 
shaft determined by the directions of the force 
and couple polygon closures, Fig. 10 (c), we 
have effected balance of the centrifugal forces 
acting and also of the couples they produce 
about the plane of reference B. 

From our previous remarks, the shaft will 
now be seen to be in perfect balance, since, as 
the force polygon has been closed, the couple 
polygon, being closed for plane B, will close 
for any reference plane. 
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PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. Price, M.I.Mecu.E. 


LESSON X 


THEORY OF THE CENTRI- 
FUGAL PUMP— (contd.) 


In the previous lesson we have determined the 
total energy head which a forced vortex can 
possess due to the velocities of its particles, 
without reference to the manner in which these 
velocities are produced. It is not possible for 
_any impeller, imparting energy by rotation, to 
communicate a greater head than this to the 
vortex, for the simple reason that the vortex 
cannot receive it. Therefore, in studying the 
transfer of energy to the water by an impeller, 
we must distinguish between the energy which 
the impeller seems capable of transmitting and 
the energy which the water can acquire. In 
this way we shall adhere to physical facts and 
avoid expressions which cannot be reconciled 
with the performance of any centrifugal pump. 


Work Done DuRING OUTWARD FLOW 
THROUGH A FORCED VORTEX 


Work Done per Ib. of Water. In order to 
maintain flow from the low pressure region, at 
the eye of the vortex, into the high pressure 
region at the circumference, work must be done 
by the impeller on the forced vortex. In trans- 
mitting energy by revolving vanes rotating 
forces only can do work since all radial forces 
are in equilibrium on account of symmetry. 
Therefore only tangential resistances (i.e. com- 
ponents of reactions resolved at right angles to 
the radius) can oppose the rotation of the 
impeller. 

Using the notation of Fig. 36, each Ib. of 
water delivered leaves the impeller periphery 


A Ww A 
with a momentum = lb.-ft. hence its moment of 


Wa 
& 
moment opposing the rotation of the impeller. 
Against this resistance the impeller rotates 
with an angular velocity of, say, w radians per 
second. 

Since, in rotational dynamics, work done is 
measured by the product of the turning moment 
and the angular displacement in radians, the 


momentum is r2— lb.-ft., which is the turning 


work done per Ib. of water delivered per second 
is 


On — a ft.-lb. per lb. of water. 


This quantity represents the virtual work 
done, and may be either more or less than the 
vortex can absorb. 

The virtual work done at different rates of 
flow will vary according to the outlet vane 
angle, and may be investigated in a manner 
similar to that adopted for Fig. 37, when we 
were considering the total energy head in a 
forced vortex. Thus, by assuming, as before, 
a constant peripheral velocity u, the value of 
W, may be calculated at various radial veloci- 
ties for each of the-five vane tip angles in turn 
and the virtual work done per lb. of water thus 
obtained, as shown in Fig. 38. 

The significance of studying the work done 
per unit mass of water is that this quantity is 
the virtual height to which each Ib. of water 
would be raised, or in other words the virtual 
head input, and we are enabled to make com- 
parisons with the total energy head in the forced 
vortex. For instance, with no radial flow 
through the impeller, w, = u,, and therefore 
We" 


hich, 
2 whic 


Walt 
the virtual head input rr becomes 


from Lesson IX (p. 1331), is identical with the 
total energy head possessed by a forced vortex 
under similar conditions. For this reason 
Figs. 37 and 38 are plotted to the same scale, 
and the total head (H,) curves of Fig. 37 have 
been repeated as dotted lines on Fig. 38. - 

The combined diagram shows the virtual and 
the sensible head input, and therefore shows 
simultaneously the virtual and sensible work 
done per lb. of water. 

Hence we may write the sensible work done 
on the water as 

2 2 

e + 2 )- H, ft.-lb. per lb. of water 
with the acknowledgment that whatever may 
be the virtual work done this expression covers 
the maximum work which can be done on the 
vortex regardless of whether or not the impeller 
is capable of performing the work. 
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Total Work Done. The total work done on 
the water passing through a forced vortex is 
the product of the number of lb. passed and the 
work done per Ib. Thus 

Total virtual work done 


== W)) NO ify es ft.-lb. per second. 


Total sensible work done 
we oe 


=n «fe 3 + 36 


where ” represents the number of lb. of water 
corresponding to unit radial velocity f, ft. per 
second. These two expressions have been 


Jeb, per second 
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completely elucidated by a careful study of 
Figs. 38 and 40 and all that they mean. In 
every case of energy transmission by mechanical 
means the virtual work must exceed the 
sensible work, hence it appears that with radial 
and forward bent vanes no rotating impeller 
whatever is capable of transmitting the appro- 
priate total head H, to the water, that is, the 
impeller cannot fully energize its corresponding 
forced vortex. Also, with backward bent 
vanes an impeller can fully energize its vortex 
within a range of radial velocities determined 
by the vane tip angle. 

Qualifications to be Applied to the Hollow 
Forced Vortex. We have seen in Lesson IX that 
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Fic. 38. VIRTUAL AND SENSIBLE WoRK DONE PER LB., OR VIRTUAL AND SENSIBLE 
HEAD WITH RapIAL FLOW THROUGH A FORCED VORTEX 


graphed for different rates of flow in Figs. 39 
and 40, and on Fig. 40 portions of the curves 
of Fig. 39 have been repeated as dotted lines. 
Many facts, of the greatest importance, con- 
cerning the behaviour of centrifugal pumps, are 


for a given peripheral velocity the lateral pres- 
sure at the outer circumference of a hollow forced 
vortex is less than that of a solid forced vortex 
by an amount equal to the lateral pressure of a 
smaller vortex equal in size to the core and 
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rotating at the same angular velocity. There- and whilst flow is in progress— 
fore the total energy of any particle in a hollow 
vortex differs from that of a particle in a solid 
vortex in the respect that the kinetic energy is at (3 = 2 Bar frehead. 
in excess of the potential-energy. Evidently, ry] 2g 


Centrifugal pressure 
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Fic. 39. ToTaL VirtTUAL WorK DONE 


WORK QOONE 
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when there is no flow through the vortex, the Kinetic energy 
conditions at the periphery are— ‘i 
Centrifugal pressure = Vs = is, ae head. 
gat Pp ; 2g cay 
= (z- 7 aes 2g ft. head. Total sensible head 
Kinetic energy = ree aN Pa ae Vie ft 
we? 122) 2g 2g 
a it. head: 
28 x * pat ree) ft 
Total sensible head oe a | 


att D . = wy" ; therefore the total work which can be done on 
Pi} 2g the hollow forced vortex is 
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Sensible work done 


r.2\ wo? 
== ae (2-7) 3 
=n" xX f, X H, ft.-lb., 
or, expressed in horse-power 
Sensible water horse-power 
_nuXfex HA, 
¥ 559 
The notation used in the above expressions 
is identical with that used throughout our 


2 
fit ft.-lb. 
28 
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well-designed pump of large size when discharging 
its normal output. The loss of kinetic head is 
due partly to an abrupt change of velocity as 
the water passes from the rotating impeller 


into the fixed casing, and partly to the loss in. 


the divergent channel (if there is one) leading 
from the collecting passage to the delivery 
branch of the pump, or, in the case of a multi- 
stage pump, to the exit from each stage. Both 
types of loss have been dealt with in Lesson 
VIII, the former loss being approximately that 
of a sudden enlargement, and the latter loss 
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discussion, but for ready reference it has been 
repeated in Fig. 41, which shows the usual 
velocity diagrams for flow through a centrifugal 
pump. 

Useful Output of a Centrifugal Pump. The use- 
ful head developed by a centrifugal pump is head 
output — centrifugal pressure + C (kinetic head) 
where C represents the proportion of the kinetic 
head which is recovered. The value of C varies 
from practically zero, when there is no flow 
through the pump, to o-8 or more on a 


that occurring in a divergent passage with 
gradually enlarging area. 

The amount of kinetic head recovered is the 
principal factor in determining the character- 
istic shape of the head output curve of a centri- 
fugal pump with backward bent impeller vanes, 
and the sensible water horse-power curve deter- 
mines the general shape of the curve of power 
input necessary to drive the pump. Fig. 42 
has been drawn for an actual test of a well- 
des'gned pump to illustrate the formation of the 
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performance curves of a centrifugal pump. The 
essential particulars and data for this pump and 


test are 


POWER 


HEAD in FEET 


HORSE 


Peripheral velocity of impeller tip 
= Uy = 37°15 ft. per second. 


Velocity of whirl 
= WW, = U,— f, cot 32° 
= (37°15 — I:6003/,) ft. per second. 


aye dt : 1 
Ratio a 05825. 2. (: = e) = 0:66. 
Quantity of water passing per 
second per unit radial velocity = n = 
175-6 lb. 
The various curves are calculated 
by the expressions given for the 


hollow vortex, and are similar 
generally to those of Figs. 37, 38, 
39, and 40. The head output and 
brake horse-power are taken from 
test results. 


The measured efficiency, during 
test, of the pump in question was 
over 80 per cent, the hydraulic 
efficiency shown by the diagram is 
about 88 per cent, and the mechanical 


efficiency therefore about 91 per cent, 
which is a reasonable agreement with 
expectations. 

The virtual head input and virtual 
water horse-power are dotted in as a 


warning to show that these quantities 
have no relation to the useful per- 


formance of an actual pump. 

Points in Design. Hitherto atten- 
tion has been devoted to the con- 
ditions which exist at the rim of 
an impeller. The water velocity into 


the eye and entry between the inlet 
ends of the impeller vanes is deter- 
mined by the maximum permissible 


vacuum at this point, when the pump 
is delivering at its utmost capacity 


and lifting against its maximum 
suction height. Thougha low velocity 


is desirable, commercial necessity 
often requires high velocities. No 
rule can be given, Io to 15 ft. per 


2 4 é r=) 10 +12 14 16 iSaee 
Radial VELOCITY (fe) FT PER SECOND. 
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Outlet vane tip angle 


= a = 32° with tangent. 


“, Ideal maximum radial velocity 


= 37°15 tan 32° = 23-2 ft. per second. 


second is safe, though 20 to 25 ft. 
per second may also be safe under 
suitable conditions, and when a large 
suction pipe is employed on low 
suction lifts. 

For the water to enter the vane 
passage with the minimum shock the 
inlet edge of the vane should be 
tangential to the line of motion of the vane 
tip relative to the entering water. Thus, in 
Fig. 41, the vane would be tangential to 1, 
which is compounded of the circumferential 


IDEAL MAX® RADIAL VELOCITY 
= 23-2 Fr, PER SECOND 
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tip velocity u, and the radial velocity f, of 
the water. If the inlet angle f is incorrect a 
loss occurs, due to the abrupt change of direction 
of flow (see Fig. 31c) ; however, great accuracy 
in determination of f is not of vital importance, 
a more important matter being that f should 
not be too small or throttling and turbulent 
flow will occur. 

The most important problem in centrifugal 
pump design is the recovery of the kinetic head 
in the absolute stream of water leaving the 
impeller. In ordinary practice one of two 
methods is adopted, according to circumstances. 
When the volume of water to be pumped is 
large in comparison with the head to be 
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overcome, the spiral casing, or volute (Fig. 264), 
is employed, and when the head is large in 
comparison with the volume, the guide vane 
form of diffuser (Fig. 26B) is used. Many 
varieties and refinements of passage shape are 
used for both these types and in most cases a 
certain amount of free vortex chamber inter- 
venes between the impeller and true water 
passage. Such short free vortex chambers 
are valuable in permitting unification of the 
several absolute streams escaping from the 
impeller, thereby reducing shock at entry 
to guide vanes or volute and _ invariably 
improving the range and efficiency of the 


pump. 
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LESSON VI 
STRUCTURAL STEEL—(contd.) 


Columns, Stanchions, Pillars, and Struts. Unlike 
tension members for which a fairly accurate 
estimate can be made of the breaking axial load, 
there is considerable uncertainty as to the load 
a compression member will carry. A slight 
departure from straightness of a tension mem- 
ber will tend to disappear under load, but in a 
compression member any such deflection will 
increase with the load. The fact that a tension 
member is rigidly held at the ends will not 
affect the axial load causing failure, but in a 
column it makes a great difference as also does 
the length of the member. 

Volumes have been written on this difficult 
subject, and there are numberless formulae 
giving the crippling loads on struts; some 
purely empirical attempting to agree with the 
results of experiments, and some with a theoret- 
ical basis attempting to take into account 
inequalities in the elastic properties of the 
material, initial deflection, conditions of fixity 
at the ends, etc. 


When a designer has chosen, or has specified 
for him the formula to be uSed, he is not con- 
cerned with its derivation. : 

The stiffness of a compression member is 
usually defined by the ratio of its length (/) to 
its least radius of gyration (k), where & is the 
square root of the minimum value of the frac- 


ti 

ion |, 
where J = moment of inertia, 

a A =cross-sectional area. 

Rankine’s well-known formula for the 


crippling stress (fc) on a strut with round ends, 
i.e. with the ends unrestrained. in direction, is 


ie 


L\2° 
r+a(z) 


accepted values in this country for the constants 
for standard steel are 21 tons per sq. in. for fax, 
and 1/7500 for a. By dividing by a suitable fac- 
tor of safety (say 3) the safe stress is obtained. 
As a strut with rounded ends is assumed to 


in the form jc = ~ Commonly 
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have no restraint at the ends, the failure may 
be expected to be by bending in the way indi- 
cated in Fig. 32(a). 

If one end is fixed in direction, the column 
will bend as shown in Fig. 32(4), and if both 
ends are fixed, as in Fig. 32(c). 

Thus, the strut which will have the same 
buckling load as the one with hinged ends is 
50 per cent longer if one end is fixed, and 100 
per cent longer if both ends are fixed. 

As in practice a rigid connection at the end 
of a strut is rarely obtained, the late Professor 
T. C. Fidler, whose practical column formula 
has met with wide acceptance, recommended 
that a length one and one-third instead of one 
and a half times the length with hinged ends 
should be taken for one end fixed, and one 
and two-thirds instead of two times the length 
with hinged ends, if both ends are fixed. 

Another common form for the formula for 
the allowable stress (f) in compression members 


l 
is f=fi-a (z) 

Thus, in the formula for both ends fixed 
giving the stresses allowed by the regulations 
for steel frame buildings in London, f, = 64 tons 
per sq. in. and a, = 1/40 up to a length equal 
to 160%. For greater lengths the constants are 
f, = 104 and a,= 1/20. The allowable stress 
thus regularly reduces by 1 ton per sq. in. for 
every increase of 40k in the length up to 160k, 
and then by 1 ton per sq. in. for every increase 
of 20k. 

It seems to be the practice in London to 
regard fixed ends as an unattainable ideal, and 
to use the stresses allowed for one end fixed and 
one end hinged, which are given by the formula 
in which f, = 54 tons per sq. in. for lengths up 
to 140k and g tons per sq. in. thereafter, the 
value of a, being the same as for both ends 
fixed, 

It will be noted that the allowable stress for 
this condition and for lengths up to 140k are 
I ton per sq. in. less than those for fixed ends 
for which there seems to be no theoretical 
justification, as for short struts the condition 
of fixity at the ends makes little difference to 
the crippling load. Nor is there theoretical 
justification for the more rapid falling off in the 
allowable stress for longer lengths, though this 
rule makes the use of slender struts very 
uneconomical. 

The formula given in B.E.S.A., No. 153, is 
in the same form but with f, =8 and a, = 
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00264 for the stress in a compression member 
with rivetted connections at both ends, and 
a, = 0-04 for pin connections. 

In each case the stress must not exceed 
6-8 tons per sq. in., nor must the length of the 
member exceed 120k or forty-five times the 
least width. 

In both bridge and building construction, it 
is rare for a compression member to have a 
purely axial stress, though frequently with the 
stresses commonly specified it is safe to assume 
that they are axial. 

When a girder is connected to the side of a 
stanchion and deflects with its load, the ends 
cannot be titled to the same extent as if they 
were free to move because the stanchion will 
tend to keep the ends horizontal, though not 


; 


ay: 


(a) (b) (oc) 
FIG, 32 


(a) (b) (©) 


completely, as the rivets cr bolts connecting the 
ends will stretch slightly and the stanchion 
itself will bend. Any bending moment at the 
ends of the girder decreasing the bending mo- 
ment in the span must be shared between -the 
stanchion lengths above and below the connec- 
tion in a proportion depending on the moments 
of inertia, the lengths and the relative fixity of 
the other ends. In a frame such as that illus- 
trated in Fig. 33, if the girder BE alone is 
loaded the bending moment diagrams and 
deflection curves for the beams and stanchions 
will be as indicated. 

As in the case of wind stresses, on the assump- 
tion of absolutely rigid joints the effect of the 
load on BC throughout the structure can be 
mathematically determined though the process 
of calculation, whether graphical or analytical, 
is somewhat tedious. 

The process can be simplified by assumptions 
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which sometimes may not seem very reasonable, 
but enable satisfactory structures to be designed. 

As has already been pointed out, the design 
loads are often only vague guesses, so that 
elaborate calculations in such cases are not 
justified. 

In steel frame buildings it is common to 
assume that the girders have no end fixity, and 
that the end reaction is at the centre of the 
seating. In the case of a girder connected to 
the flange of a stanchion, the centre of action is 
often taken as the edge of the flange and the 


unloaded 


iC [rtscessssectssssasoasecscsanaseesean) OD 


€ D 


Ih fi 
BB Wy: E 


A P F 
Bending Moment Diagram. 


Aa we feiss 
Deflection Diagram. 
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corresponding bending moment instead of being 
shared between the column lengths above and 
below is assumed to be resisted by the lower 
length only. 

It is commonly assumed that all loads from 
floors above are evenly distributed over the 
stanchion area at floor level. 

Thus, if a stanchion AB has to carry an 
assumed central load P from all sources other 
than the girder BE, which brings a reaction 
on to the flange edge a distance » from the 
centroid of the stanchion whose area is A, 
radius of gyration parallel to the beam hy, 
moment of inertia A-k,?, and compression sec- 
tion modulus A-k,? ~ u, then the axial load is 
P-+W combined with the bending moment 
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W-n. The stress due to axial load = (P+ 
W) + A; that due to bending is W-n? — 
Pics. W:-n? 

aC moe fees 


2 
The value of 3 for rolled steel joists and 
a 


plated sections is about one and a half, so that 
the equivalent central load, i.e. the central load 
producing the same stress as the load applied 
at the edge of the flange, is two and a half times 
the flange load. 

Thus, if P = 30 tons and W = 20 tons, the 
load carried to the foundation will be 50 tons, 
but the stanchion itself will be selected from 
safe load tables for a central load of 50 + 14 
x 20 = 80 tons. 

Suppose that, for the length BC an 8 in. x 
6in. R.S.J. is suitable, and it is required to 
show calculations for the length A B (ro ft. long) 
for a plated 8in. x 6 in. R.S.J., using the stress 
given by the formula f= 54- ot 
8in. xX 6in. R.S.J. with a gin. xX din. plate 
each (side, Al =—=10:3 ins") 7) an 
2:79 Mes neh 4 
120/2:04 = 59; allowable stress = 5-5 —1:48 = 
4:02 tons per sq.in.; allowable central load = 
19°3 X 4:02 = 77-6 tons. Equivalent central 
load = 50 + (1-4 X 20) = 78 tons. Alter- 
nately, stress due to direct load = 50 + 1973 
= 2:59 stress due to bending = 20 x 44 + 61-7 
= 1-46 where 61-7 in.? is the value of the section 
modulus. 

Total flange Bees = 2°59 + 1:46 = 4-05 tons 
per in.?.. Further points in column design will 
be discussed in the next lesson. 
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By Proressor F. C. Lea, D.Sc., M.I.Mecu.E., M.Inst.C.E. 


IPANIRSAD 1 
RESULTS OF TESTS 


( Contd.) 


Tue simplest method of plotting the results of 
tests is to plot number of repetitions to cause 
fracture against range of stress as calculated 


Note:- , 
Springs tocross on the 


centre of the horizontal 
and vertical planes. 
Aluminium 
Mirror Frame 


————— 
GH 
< 
= 
O, 


gS 


for different 70 BA 
tapping holes 


materials, 
if _| 


a 


Elevation 
of Block. 


Elevation 
of Mirror 
from Rear. 
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from the applied loads. If the specimen is sub- 
jected to bending, the maximum stress can be 
calculated from the well-known formula 
My 
hse 


and if subjected to torque from 
89—(5462) 


Tr 
Y Le 
In both of these formulae it is assumed that the 
stress during the loading is proportional to the 
strain. 

When subjected to direct stress, as in the 
Haigh machine, the pull or push is known 
from the calibration of the machine. For the 
calibration, an extensometer is used on a special 
specimen (Fig. 15). This specimen is loaded in 
a testing machine and a load strain curve 
taken. It is then put in the Haigh machine 
and subjected to repeated stresses. The mirror 
oscillates and the strain is measured by the 
movement of a spot of light on a ground 
glass scale. The leaf springs of the machine 
can also be calibrated by this extensometer. 


nn 
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Tests at Zero Mean Stress. Figs. 10-17 show 
typical stress repetition curves. It will be 
seen that in all cases the curves tend to become 
parallel to the axis of time, or reversals, after 
a considerable number of repeated stresses. 

Fatigue Limit. The important question is: 
“Do these curves really become parallel to the 
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axis of time?” If they do, then the stress at 
which they become parallel is the real fatigue 
limit, and at any stress less than this stress an 
infinite number of repetition stresses can be 
applied without risk of fracture. Itis not easy to 
determine whether the curves do really become 
parallel to the axis of number of reversals. 
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then corresponds to N equal to infinity. If the 
points lie about a curve which appears to 
cut the vertical axis of the curve, then it 
may be assumed that the limiting range fatigue 
is equal to or less than the stress at which 
the curve cuts this axis. It will be seen 
for the cases plotted that the points lie about 
straight lines, which, when _ pro- 
duced, cut the vertical axis. The — 
author’s tests on certain steels in- 
dicate quite clearly that for these 
materials the limiting fatigue range 
is above the point where the line 
cuts the axis. In mild steel the 


me 
A 


line appears to fall continuously 
until the number of repetitions is 
between ro and 16 millions, and 
then turns horizontally to cut the 
vertical axis above the point at 


oy 
w& 


= 
N 


which the line through the points 
cuts the axis. It will be seen that 
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Other methods of plotting have been therefore 
suggested. In Figs. 18 and 1g the results of 
tests have been plotted by taking as ordinates 


6\1 
- - . 4 
range of stress, and as abscissae Gs where V 


is the number of repetitions. The zero abscissa 


36 


oe 
~ 


the slopes of these lines vary with 
the material and with the type of 
specimen. 

- Logarithmic Plotting. Fig. 20 
shows, in the upper curve, log. range 
of stress plotted against log. number 
of repetitions, as well as stress against num- 
ber of repetitions. In nearly all cases of 
such plottings, the. curve falls rapidly for 
the first five million repetitions, and then 
becomes either parallel to or nearly parallel to 
the axis of log. N. If it becomes parallel to 
this axis, then the limiting fatigue stress is 


Log Total Range of Stress 
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TABLE I 


SAFE RANGE OF STRESS FOR MorRE THAN 10 MiLLION CYCLES 
AND EQguaL + STRESSES 


Tensile Safe Range for Ratio of 
Material Heat Treatment Strength, Tons 10 million cycles. Range to 
per Sq. In. Tons per Sq. In. Ultimate 
“14 C. Nor. (Solid) 30°6 +15 to+ 16 I say 
“22 C. 7 “ 36°42 +17 to+ 18 I ne 
“r4.C. No heat treatment 27°98 +14 to + 14°5 ‘ I a5 
from 2 in. Bar é 
‘na GC. Heat at 850° C. 36 hours 20°45 +14 7-06; 5,, 
“TAC. Heated at 1,100°C. 1 hour 23°99 + 12-7 to + 13°5 T-06 ,, 
+32 C. ay a 28-40 4+- 12°5 to 13 COS AN 
32 Heated at 850° for 36 hours 32-01 +15 iu “93 > 
“14 Quenched 48°5 + 21°8 -88 =, 
“32 : ” 89-9 aE yy S25, 
Alloy Steel Quenched and Tempered 90 Seay) “82 |, 
ns 5 7O as su! ‘Ol ,, 
” » » 60 + 30 I ” 
Muntz Metal — 31-76 +15 "G5 hs 
“ Cupro-Nickel ”’ — 16 + 5:1 DOE Fe 
Arsenical Copper — 14°8 + 5°91 68 ,, 
Rustless Steel —- 54 +11 "40 4, 
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found; if not, it is uncertain. With most 
materials, and particularly with steels, there 
seems no doubt that thousands of millions of 
repetitions of stress can be applied to the 
specimen without risk of fracture at a range 
not much less than that at which ro million 
repetitions will just cause fracture. With 
heavily cold worked materials and 
for certain alloys the range seems 
to be continuously but very slowly 
falling up to 500 million or even 
1,000 million repetitions, but in 
these cases the rate of fall beyond 
to million repetitions is small, and 
it can be stated, therefore, that the 


18 
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Load-Strain Curves 1 


Heated at 850°C. for F 
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raising the stress while the specimen was being 
run. With certain plastic metals the author 
has shown that the apparent fatigue range can 
be raised more than 50 per cent by gradually 
increasing the load and allowing cycles to be 
run at each load. 

In other cases the fatigue range, as determined 


of 14C.Steel. 


72 hours. Pela 
Sample N°9A,; | ¢ / 


~ 
D 


safe range of repetition stress, for zero 
mean stress, for most materials, can 


| i 
7 


be determined with a reasonable degree 


— 
an: 


T/59.IN. 


of precision from curves showing the 
vange of stress up to 10 million 


repetitions. 

Fatigue Range at Zero Mean 
Stress as Compared with the Ulti- 
mate Tensile Strength. Table I 
shows a few typical examples of 


nN 


~ 
@ 


NS/SQ.IN, 


TALS 
AT 15:1 70. 


the safe range for more than 10 


96 REVERSALS AT 17:3 


million cycles. It will be seen that 
for steels this varies from about 
o’8 to 1 times the ultimate tensile 
strength. For certain of the modern 
high nickel-chromium rustless steels 
and for the copper alloys it is much 


Half Fatigue Range, Stress, Tons/sqg.in. | 
aS 


~ 
Hs 


R GRADUAL LOADING, 


ILLION REVER 


N° 9A, AFTE 


WHICH WITHSTOOD 59-327 


waa 5 — = 2 - =~ - =~ $73 - - = = 2 = = $= 2-5 


HALF ENDURANCE ‘RANGE 


3) 


less. 

Rapid Methods of Determining 
Fatigue. On the end of the speci- 
men, Fig. Ir, is shown a mirror. A 
special optical device is used in con- 
nection with this. 

Fig. 21x shows load-strain curves 
obtained from mild steel by this 
apparatus. It will be seen that at 
a certain range of stress, -- 15 tons, 
about, the first curves obtained 
from the specimen deviate from the 
straight line, and it may be inferred 
that these curves indicate a fatigue 
limit. Long time tests showed that for this and 
other materials the safe fatigue range did not 
differ very much from the value thus ob- 
tained. It was found, however, that by 
running cycles of stress while the specimen was 
being gradually loaded, the apparent fatigue 
range as indicated by these curves could be 
raised, and as a matter of fact the fatigue was 
actually raised by this device of gradually 
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10 
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Piece No. 9A was repeatedly loaded to indicate 17-3 tons per 


This stress was then endured by the same sample for 31-596 x 


108 repetitions, before fracture. 

A duplicate 10A was directly stressed to 17-3 toms per sq. in. but 
failed after 367921 X 10° repetitions 

A duplicate No. 12 endured 59-327 reversals at 15-1 toms per sq. in. 
before breaking. 

The unloading curve is not shown. 
The curves are shown only plotted above ro tons per sq. in. 


The rate of loading was constant. 


from such curves, differed very considerably from 
the fatigue range determined by plotting range 
of stress against numbers of repetitions. Similar 
torsion-strain diagrams can be obtained from 
the torsion machine, Fig. 13, and the other 
torsion machine referred to in the text. Also 
from the machine illustrated in Fig. 12. 

The extensometer shown in Fig. 15 makes it 
possible to determine similar curves from tests 
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in the Haigh machine. The method, in certain 
cases, gives a very good indication of the 
fatigue limit to be expected, but it must be 
checked by the long time runs and, to obtain 
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repeated stresses they fracture, however, almost 
like perfectly brittle materials. Figs. 22 and 
23 show two fractures, one obtained in the 
laboratory, the other from a machine tool. 


Fic. 


22. CUPRO-NICKEL BROKEN UNDER 
REPEATED STRESSES 


No apparent plasticity 


correct results, care must be taken not to 
raise the limit artificially. 

Fractures Under Repeated Stresses. When 
specimens of mild steel, and many other 
materials, are broken by statical loads they 
show very considerable ductility. In tension 
they elongate very considerably and show 
reduction of area, while in torsion they twist 
through, probably, several complete revolutions 
before fracture. When specimens fail under 


Fic. 23. STEEL BorInG BAR BROKEN 
IN PRACTICE 


No apparent plasticity 


There was no apparent change in shape or 
dimensions. Such fractures often show large 
crystal faces, and from this appearance the mis- 
take is frequently made in assuming that the 
material is large grained. The structure shown 
by the fracture does not show the grain structure 
of the material, but rather the tearing away along 
particular planes of a large number of crystals. 
Only by polishing and etching can the real grain 
structure be seen under the microscope. 
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By W. G. BicKxiey, M.Sc. 
Lecturer in Mathematics, Battersea Polytechnic 


LESSON XXVIII 


INTEGRATION OF SINES 
AND COSINES 


In the last lesson we learned how to differentiate 
sines and cosines, and we have now to invert 
the formulae and obtain the corresponding ones 


d 
for integration. Since 76 (sin 0) = cos 6, we must 


have 


[ cos 6. dO = [sin 0] 


. 


ad 
and since 6 (cos 0) = — sin 8, we have 


[sin 0.40 — [= cos 0} 

We must be careful of the algebraic signs in 
these two formulae; they are the opposite of 
those of the differentiation formulae; the 
integral of a sine is minus a cosine, and the 
integral of a cosine is a sine. ; 

Another point of importance is that the angle 
must be thought of in radians, so that the limits 
of integration will be in radians ; for finding the 
values of the sines and cosines, however, it is 
convenient to use degrees, since the tables are 
constructed for degrees. It is convenient to 
write the limits in both forms—radians and 
degrees, outside the square brackets on com- 
pleting the first step in the integration, as will 
be shown in the examples. 

Before coming to examples, however, it is 
convenient to generalize the formulae to include 
multiples of 6. By the formulae of the last 
lesson, with a slightly different notation, we 


d 
have 76 (sin nO) =n cos nO, i.e. on differen- 


tiating, we multiply by n. Integration is the 
inverse of differentiation, so that in integrating 
we must divide by n, 


so, [cos no. db = . sin nd | 


and, in a similar manner, 


[ sin nf. dé = Ee cos n6 
n 


. 


Illustrative Examples. 
)-€981 0.6981 = 40° 
i COSI dO — sin a] 
+ 671745 071745 = 10° 


(stn 40°) — (sin 10°) 
06428 — 0:1736. = 0-4692. 


kt im = 450 
2. i sin 30 .d0 = E 4 cos 36 | 
0 0 


= (— } cos 135°) — (- § €0s 0°) 
= + 0:2357 + 0°3333 = 0°5690. 


lll 


3. To find the average value of the sine 
between 0° and go”. 

To find the average value, we integrate over 
a range thereby finding the area under the graph, 
and to find the average value, i.e. the average 
height of the graph, we divide by the base (on 
the graph), ie. by the range. In our case, the 
range is from o to $a (radians), so that the 
average value will be 


t \tr 2 hi = 902 
a= sin 6 .d0 = | -—cos 0 
97 wie T 0 


2 2 E 
(- = 008 so”) - (- = (COSO ) 
7 7 


= 0 + = = 06366. 


I 


In integrating squares of sines and cosines, 
or products, we shall find it necessary to use 
some of the trigonometrical formulae given in 
Lessons XIX and XX. We give a few examples 
to show how this is done. 


4c in 
4. if WE, hy = i 4 (1 —cos 26) dO 
0 0 


kre = c02 
= E (0—4 sin 20) | 


9 


ne 


7 s 6 
ae ree -—0 


I 


§ (1-0472 — 0-4330) = 0-3071. 
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$7 
5. ‘if sin 0 sin 20 dO 


. 0 
470 
f } (cos 6 — cos 30) dO 
0 


it = 90° 


(sin 0-4 sin 30) | 


0 


=+(1+%)=3 

As a last example we will find the work done 
per stroke against friction in the pump of the 
example worked in Lesson XXVII. With the 


notation of that example, if f is the friction 
772 


2 
coefficient, the head lost by friction is ah ft. 
gd 


2 X 0:005 X 40 X 21-3” sin*®at 
32:2 X 3 
= 22:5 sin*nt ft. 
The weight of water delivered in a small 
interval, ot, is 
tnd?V Xx 62°4 . Ot 
= dn X # x 62:4 X 21:3 sin at . OF 
= 65:3 sin mt . Ot Ib. 
Therefore the work done in this interval is 
22°5 sin? at x 65:3 sin at. Ot 
= 1470 sin’ xt . d¢ ft.-lb. 


. Also, the time taken for one stroke is I sec., so 


we must, in order to find the work done per 
stroke, integrate from 0 to r; thus 


L 
Work/stroke = i: 1470 sin® qt . dt. 
Now sin? 9 = 4 (3 sin 6 — sin 30) 
so this integral is 
1 
rh 1470 X } (3 sin mt — sin 3nt) dt 
0 
eee tee = 
=| 4 ( 7008 mt + 57608 3 
1470 
127 
(— 9 cos 0° + cos 0°) 
__ 1470 X 16 
-7 127 
EXERCISE No. 42 


0.8727 i 0.8727 
1. Evaluate: sin 0.d0; cos @.d6; 
0°1745 0°1745 


1 
0 
(— 9 cos 180° + cos 540°) — 


= 624 ft.-lb. 


us AT im 
[7300s 30.a0; f cos? . dO; f 6 cos 0 cos 40. dO. 
ee Ho ) 

2. The acceleration of a machine part is given by 
the formula 6 sin 27 + sin 67¢t. The velocity is zero 
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when t = }, and the displacement is zero when / = 0. 
Find the formulae for the velocity and displacement. 

3. Obtain by calculus the area of a segment of a 
circle by putting y = r sin 0 and w = ry cos @ in the area 
integral. 

4. By dividing up the surface of a sphere into narrow 
zones, and showing that the area of one of them is 
2nr* sin @.60, deduce that the area of the surface is 
4tcr?. 


FURTHER RULES IN DIFFERENTIATION 


Function of a Function. In the last lesson we 
developed and used the formula 


ds ds ao 

dt ~ dO dt 
and mentioned that it was an important and 
useful formula. We used it when it was 


possible to express s simply in terms of 0, and 
0 simply in terms of ¢, but did not know the 


ds... = ta oni 
formula for dt direct. Expressing it in terms 


of other letters 

dy dy du 

dx du dx 
we shall show how it can be used to differentiate 
more complicated functions of x, by the help 
of an intermediate variable, 2. : 

As a first instance, we will differentiate 
4/x2 + 1. Here, if we-had to calculate the value 
of y for any value of x, we should have to do 
the work in stages—find x°, add 1 then take the 
square root. In fact, we cannot use the symbol 
/ until we have obtained (x* + 1) as a single 
number. It may now be obvious that it will 
be a help to denote it by a single letter, the wu 
of the above formula. Doing so, i.e. putting 
u=x?+1 (and denoting /x2+1 by y, it 


d 
being then - that we are seeking), we shall 


have y= \/u =u}. It is now quite simple to 


. , ay du - 
find Fm and Wun for 
en me 
u= x -+1 S07 = 2%} 
dy 3 
er ws v 
you son, = it 
We can now use the formula — 
dy _ dy du 
dx du dx 
oie Rea cANs x 
iving =—- = 4u-t x 2¢ = ————— 
§ § dx 3 / x 25 I 


j 
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Similarly, if we have y = (3x-—2)5, we put 
Sx—2— 4, when y= «0°. Then - = 5u4, and 


du 
eae a consequently 


dy 
ae Ot x 3 = 15 Ge 2)? 


We could have done this example by expand- 
ing y by the binomial theorem, but the method 
used is at once simpler and more convenient, 
as it puts the result in a more compact form. 


ae ; ay 
Again, if y = sin*@ and we want ao ve put 


#—=sin@, and then y= wu. From _ these, 


a du dy 

* =2u and qo = 69S 6. Then 76 = 2 X 
cos 0 = 2 sin 6 cos 0. 

We can also use this formula to differentiate 


I 
sec 6. Iiy=secQ = cos? Put u = cos 6, when 


I d 
ba vase g, = | 7 Se ae ees 
ee eae a We then have leo a 


z du ; dy 
ene and oT —sin@. From those 0 = 


dy du 


f sin 0 
Gp =~ Gi X (— sin 6) = = 


Seem fe) TESult 
cos*@ 
may also be written fan 6 sec 0. 

Products. Another instance where further 
rules for differentiation are needed is when we 
_ have to differentiate a product of two or more 
factors, each involving the variable, and we 

shall give the formula which enables this to be 
done if we can differentiate each factor. It 
must be clearly understood that the differen- 
tial coefficient of a product is not the product of 
the differential coefficients of the factors. Thus, 
if we consider x° as the product of x% and 2°, 
the true differential coefficient is 5x*; the 
differential coefficients of the factors are 3.7 
and 2x; the product of these is 6x%, and is 
not the differential coefficient of x°. 
_ To obtain the correct formula, put w for one 
of the factors, and v for the other, i.e. write 
y = ur, 
Then y + dy = (uw + du) (v + dv) 
=uv+v.du+u.duv+ du dv 
so dy =v. du + u.dv+ du. dv 
Ou t) 


we GY dv v 
and then ae =U5, bus, + OMT, 
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As 6x — 0, the last term tends to zero, so we 
have 

dy du dv 

dx Vax + Ua 


the formula sought. 
As a first instance, let us see that it yields the 
correct result for «? when considered as the 


product of x8 and x*. Putting w= x* and 
3 t du Sand dv 1 

Vi 2 WE Bel == = 9 and > — 4x, us 
ae ape Fen sae og 2 


J ae Sy ox = ext 
an * X32 “+ x8 X 2x = 5x8, 
which is correct. 
If vy = stn 0 sin 20, we put vw = stn @ and v 
it 


du dv 
= sin 20, giving sz = cos @ and =- = 2 cos 20, 
a. giving 99 = & dx 
so 
dy f , 
= = sin 20 cos 0 + sin 0.2 cos 20 
ado 
= stn 20 cos @ + 2 stn 0 cos 20. 
Again, if y = x /x® + 1, we put « = x and 
ee A id x 
V=VeE 7, civing=- — rand, = 5 
\ t S S dx ax \Vet+r 
(see above). Consequently 
dy = rs —- x 
= —y 7 x*"~ T a: I-- x * = 
ax \ V/ x? 1. 
2x2 —-- I 
Ve + 1 
Quotients. The corresponding rule for quo- 


tients can be derived from the rule for products 
—and, indeed, many quotients are conveniently 
treated as products in the same manner—by 

oR u ; Sen % ‘ 
writing y= > = uv-t, The differential coeff- 


cient of vt is, by the rule for the function of a 
function (compare the differentiation of see 0 

, dW oe 
above) -v™ ae? Using this in the formula for 


products, we find 


geo este te LY Fe 
I du u adv 


—~vdx wax 
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It is often convenient to use the common 
denominator v?, and write the result 


du dv 
Vi dete vem 
v2 
As a first instance, we will differentiate 
x : : 7 
er Denoting it by y, and putting w = x, 


du dv 


and v = x* + 1, we have rie: and 7 = HE. 
Our formula then gives 
ay (# + 1). =e. 2x 1-2 
di (<2 + 1)? ~ (x? + 1)? 
As a next example, we will find the differen- 
tial coefficient of tan 6. We know that tan 6 
sin 0 


= tos 9” 5° We put w= sin 6 and v = cos 6, 


du dv 
giving z cos 6 and = =-sin@. The rule 


then gives 


d cos 6 cos 0 — sin 6 (— sin 8) 
d6 Wan OV cos? 0 
= nbiea sec® 0 


where we have used the fact that cos? @ + 
sin? § = 1 in simplifying the numerator. 

We could also find the differential coefficient 
of sec@ by this method, after writing it as 


I : 
cos@’ Putting w=1 and v=cos6. As a 
matter of fact, it is useful to remember the 
special case of the quotient formula when 


d 
u = I (and consequently = = 0), for differen- 


du 


tiating reciprocals. Putting # = 1 and en 


) 


in our formula, we find 


Gl fit I dv 

dx if ) we dx 
As a last instance, involving the more difficult 
cases of differentiation, we will obtain accurate 
formulae for the velocity and acceleration of a 
piston. The results of the last lesson, denoting 


the length of the crank by 7, the length of the 
connecting rod by /, the angle turned by the 


crank by 6, and the angle made with the line 
of stroke by the connecting rod by ¢, are 

s =rcos0+lcos ¢-1 : Bae (2)! 
and rsin@=Ilsind : an) 
s being the displacement of the piston from the 
mid-point of its stroke. Differentiating the 
first of these with respect to ¢ (time), and remem- 


a0 
bering that yA the angular velocity of the 


crank, we find 
d d 
© = —wrsin 6 Ling & . ee 
Also, differentiating the second, 
d 
wr cos 0 =1cos } As 


dp  wrcosé 


<> leos$ | nn 


(This formula for the angular velocity of the 
connecting rod is of some importance.) By 
using (2) above, we may express this in terms 
of #, but it is more convenient to let it remain 


d 
in terms of ¢. Using this value of = in (3) 


we get 
. =-or sinO-1 sind ve 
sin 6 cos @ + cos 0 sin d 
ras 4 cos. : 
=-or sin (0 + ¢) secd . (5) 
To find the acceleration, we must differentiate 
this with respect to ¢. By the rule for functions 
of a function, we have 
do — 


d 
in Usin © + $)} = 0.008 + 4) x (FF + 


ry cos 0 
= w cos (8 + ¢) (Area) 
using the value of Ap from (4). Also, remember- 


ing the differential coefficient of sec 0, we have 


2 (sec d) = sec d tan oe 


wr cos 6 
= sec f tan ¢ T cos & 
___ x sin cos 8 
. l cos? 


d 
where the formula for as has again been used. 


r 
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Now using the product rule to differentiate (5), 
we find 


d?s y cos 6 


B= 08 (0+ 8) (x4 peg) eed 


v sin &cos 6 


—w? x sin (6 + ¢) 


lL cos? 
which reduces to 
>, (cos (8+ $) , 7 cos? O 
or | cos + Teos3 zt (6) 


It is possible to put this in terms of 6, by using 
the value of sin ¢ from (2) and the value of 
cos ¢ derived from it in the last lesson. 

We will also find the angular acceleration of 
the connecting rod. Differentiating the formula 


d 
for ie in (4), using the rule for a quotient gives 


*¢ 


yee OX 


do d 
Leos @. (-7 sin 8) 7-7 cos O(-1 sin ace 
2 cos? 


Using the values of sin ¢ and cos? ¢, after sub- 


stituting the values of it and Fi’ this reduces to 
ry (2-7?) sin 8 
[2 cos? b 


It will be seen that these exact formula are 
complicated, and the approximate ones deduced 


— @ 
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in the last lesson are accurate enough for many 
purposes. 


EXERCISE No. 43 


1. Differentiate with respect to the variable the 


we I 
s c P 4. oar ns ep 
following functions : (2¥ + 1)*; =e pepe 
cos? @; sin’; Osin@; cot@; cosecd; aa, 
+ 1 

#2—T | I 


wt’ 4/1 —n? sin? 0 
2. The illumination at the edge of a square table, 
due to a lamp at a height » above the centre is 


eae. I being the candle power of the lamp, and 
2b the side of the square. Find »* for maximum 
intensity. 


3. A beam of rectangular section is to be cut from 
a log of diameter d. If b is the breadth, show that the 
b(d® — b?)13 


moment of inertia is and find the value of 


b for this to be a maximum. 


ANSWERS TO EXERCISE No. 41 


I. 2608 2%; —3SiN 3%; an COS N%;, 20 COS 5% + 
40 Sin 5%; I°5 cos kv — 1-25 sin 4x. 
ds F ; 
2. — =-—60 sin tot + 10 sin 20t ; 
dt 
d?s 
ae = 600 cos 1ot + 200 cos 201. 


3. 5°14, 6:28, 3°75 ft./sec.; + 55:8, —17°6, — 55°8 ft./ 
Sec?: 


4. 78°, 18’, 6-42 ft./sec. 
Be 30) 526 
6. 23° 50% 
Pa AQ ail te 
8) P = 55.0 = —0°5: 
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THE BALANCING OF ENGINES 


By Hoa B. Gove. bse 


LESSON III 


IN an engine the various masses that have 
reciprocating motion are continually being 
accelerated and retarded. To cause these 
accelerations a force must be supplied, and, at 
the beginning of each stroke when the masses 
are being accelerated from rest, part of the 
effort on the piston has to be utilized for this, 
so that the force available for transmitting to 
the crank is less by the amount of this Inertia 
Force,.as it is called. 

Towards the end of the stroke the inertia 
force becomes negative, i.e. the moving parts 
are now being retarded, and, due to the momen- 
tum they have gained, the force transmitted to 
the crank will be in excess of the piston effort 
by this’inertia force. 

The engine frame must, however, be subjected 
to a reaction equal and opposite to this accelerat - 
ing force, which, due to its variations in magni- 


Lh =tF 
Fesultant Force on Frame = 


ie (Ye) aEy | 
=F 
Fie. 11 


tude and sign, will tend to cause unwelcome 
vibrations. 

It will be as well to emphasize that this 
reaction on the frame is equal and opposite to 
the force accelerating the moving parts, and not 
to the fluid thrust on the piston. The sketch, 
Fig. 11, should make this clear. 

P is the fluid thrust acting on piston and 
cylinder head. The inertia force we will call 
++, since it depends on whether the recipro- 
cating parts are being accelerated or retarded. 
Then the thrust transmitted to the crankshaft 
and therefore from the crankshaft to engine 
frame = P + F in direction shown, while the 
thrust on frame in the opposite direction is P. 
Hence resultant force on frame = + F. 

With engines of more than one cylinder in 
one plane and parallel to one another, it will 
be clear that the inertia forces, which, of course, 


all act in the line of stroke, will cause couples 
on the frame tending to rotate it about an axis 
perpendicular to the plane of reciprocation. 

It is, therefore, these forces that require to 


be balanced, and, in a similar manner to a 


revolving system, we shall refer each force to a 
given plane and resolve them into a single 
force and a couple. 

We must, however, first of all determine the 
value of the inertia force at any instant. 

Fig. 12 represents the mechanism of a recipro- 
cating engine, the crank having turned through 
an angle 0 from the inner dead centre. 

Uniform angular velocity w of the crank is 
assumed. : 
Length of connecting rod = ; A> 
Length of crank F R tratio Ra 


Fic. 12 


With centre B and radius BA strike arc cutting 
OQ in E. : 

Draw AD perpendicular to OQ. Then the 
displacement of piston from the end of stroke 


Oe 

%~=QD-+ DE. 
= [0Q2- OD]|+ DE 
= [R-Rcos 6] + DE. 


Thus 


Now from Fig. 13, which shews the whole 
circle of centre B, we have 
rectangle MD. DE = AD? 


A D? 
. DE = ar 


Now, provided L is large compared with R, 
MD is very nearly equal to ME = 2L. 
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On this approximation therefore 


D AD? R? sin 26 
ee 20 2L 
; 9 sin 76 
_%= Ri|xr—cos @+ a 
A 
io, 
M DX 
Fic. 13 


The velocity of the piston will be obtained 
for any crank angle 6 by differentiating the 
above— 


dx rR Ii ao 2sinOcos@ dé 
pe 8. ae ton oa 


Now d6/dt = angular velocity of crank - 
= constant = w 


dx ; sin 26 
fe = Ro [sin 0 + 2o4 


On again differentiating, we obtain the 
acceleration of the reciprocating parts— 


a? x R 9 do 2cos20 dé 
ee |! a on Ya 
3 20 
= Rw E 6 + <2 ] 


Thus, if W = weight of the reciprocating 
parts, the inertia force is given by 


WwW 
= 3 wR E 6+ oe “| 


n 


Now assuming that the connecting rod were 
infinite, then the piston moves with simple 
harmonic motion, since its position for any 
crank angle 6, Fig. 14, will be the point S in the 
stroke PQ, being the projection of the point 4, 
which is moving with uniform angular velocity 
@, on the diameter PQ. The acceleration of A 
is constant = w?R directed towards O, and 
therefore the acceleration of the piston is the 
horizontal component of this, namely, w’?R 
cos 0, always directed towards O along the line 
of stroke. 

Thus, the first term in our expression for the 


: ; W 
inertia force, e.g. w?R cos 6, represents the 
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simple harmonic accelerating force required with 
an infinite connecting rod, while the second 


W  ,.. cos 20 ees 
term, Z wR eK shows the modification due 


to a fimite rod. 
Primary balancing, as it is called, consists in 
considering the simple harmonic forces assuming 


Fic. 14 


an infinite connecting rod, and, except in 
special cases of short connecting rod engines, 
this is sufficient for ordinary practical purposes. 
Secondary balancing takes into account the 
latter term of the inertia force expression. 

Now the connecting rod has both reciproca- 
ting and rotary motion, and it can be shown 
that, dynamically, we produce the same effect 
if we consider its mass divided into two_por- 
tions—one being concentrated at the crank pin 
and having purely rotary motion, the other at 
the crosshead or gudgeon pin and having purely 
reciprocating motion, this latter being included 
in the reciprocating masses. 

It is approximately correct to take the weights 
of these two masses as equal to the reactions 
at the respective pins when the rod is supported 


sap (Ged me AC: 
A, w. FR R; w. oR 


Fic. 15 


horizontally. Thus, Fig. 15, if w = weight of 


CB 
AB will be considered con- 
centrated at crank pin A and will be included 


AG 
in the rotating system, while an amount w. -p 


rod, an amount w . 
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will be included in the reciprocating system, 
being assumed concentrated at B. 
Let us now return to 
PRIMARY BALANCING 
The inertia force is assumed simple harmonic 


Ww 
and is given by rs w* R cos 6 for any crank angle 
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concentrated at crank radius and treat as an 
imaginary revolving system. 

The closures of the polygons give us the un- 
balanced force and couple due to these imaginary 
centrifugal forces, and these closures therefore 
represent the maximum values of the unbalanced 
inertia force and couple acting on engine frame 


Component of Centrifugal 
Force in line of Stroke 


= Wu2R cosé 


g 


Inertia Force on Reciprocating Farts 
—> 


Unbalanced Fprce on Frame 


= ure. cos 


Fic. 16 


‘ : Ww 
6, being a maximum of a oe wR at the ends 
5 


of the stroke, 
Ww 
But 2 wR is equal to the centrifugal force 


set up by a mass of weight W revolving in a 


= 
aes 4 7R.cos0 ae 
yes T. cos 
Fic. 17 


circle of radius R, so that the force on the 
frame due to the simple harmonic reciprocation 
of a mass of weight W is the same as the com- 
ponent in the line of stroke of the centrifugal 
force produced by an equal weight W revolving 
at crank radius R. This is illustrated in 
Fig. 16. 

Thus to find the unbalanced force and couple 
due to a system of reciprocating masses in 
one plane we may consider the masses as 


in regard to the given reference plane, the 
actual values at any instant being their components 
in the line of stroke. 

Consider now a reciprocating system in which 
a revolving mass of weight W, is placed at 
radius 7 on the opposite side of the shaft to the 
crank pin, such that W,y = — WR as indicated 
in Fig. 17. . 

This mass actually sets up a centrifugal 
force whose component in the line of stroke will 
balance the inertia force on the frame, due to 
the reciprocation of W, and there are no distur- 
bances im the line of stroke, but an equal distur- 
bance will now occur in a direction perpendicular 
to the line of stroke, due to the other component — 
of the centrifugal force of W,. 

Thus a rotating mass arranged in this manner 
cannot completely balance a_ reciprocating 
mass, but can only change the plane in which the 
force acts. 

To effect a balance, we can consider the masses 
as an imaginary revolving system and deter- 
mine the magnitudes and directions of two 
extra masses at crank radius to effect a balance 
as a revolving system, as previously explained. 
These masses if reciprocated will then give 
balance to the reciprocating system. 

Such additional masses are termed ‘‘ bob- 
weights,” but it will be realized that each bob- 
weight requires an extra crank and connecting 
rod to operate it which may cause excessive 
production costs. 
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With revolving masses, which are usually in 
given fixed positions, the addition of two extra 
masses involves no complications, but with a 
reciprocating system, this multiplicity of cranks 
is a decided disadvantage ; however, it will be 
seen that if there are a sufficient number of 
cylinders, the reciprocating masses of two may 


be arranged to act as balance weights for the 
remainder by suitably arranging the crank 
positions. 

Thus the problem with a reciprocating system 
is to arrange the crank positions so that balance 
is effected without the necessity of adding extra 
masses. 

This is done on large triple and quadruple 
expansion high speed marine engines, where 
vibrational considerations are of paramount 
importance. 

It should be noted, however, that while 
arranging the crank positions will effect balance, 
the further problems of arranging the cranks so 
that the turning moment may be fairly even, 
and so that the engine may be readily started 
from any position, must be considered. 

For instance, Fig. 18 represents a three-crank 
engine, the cranks all being in one plane, the 
middle one carrying twice the reciprocating 
mass of either of the two outside cranks and at 
180° to them. This system is in complete 
primary balance, but the turning moment will 
be most irregular and difficulty of starting from 
some positions would be experienced. 

Actually for marine work it is usual to employ 
four cranks—two L.P. or ‘two I.P. cylinders 
being provided for triple expansion engines— 
since by suitable arrangement of the cranks 
and adjustment of their masses complete 
primary balance can be obtained, while easy 
starting from any position and an even turning 
moment can also be secured. 

Let us take two examples— 

1. Ina four-cylinder two-stroke Diesel engine 
the reciprocating masses of each cylinder weigh 
600 Ib., and the cranks are arranged at go°, the 
order in end elevation being I, 3, 2, 4. The 
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pitch of the cylinders is 2:5 ft., stroke 18 in., and 
the revolutions per minute 250. 

Determine the maximum values of the 
unbalanced primary force and couple in regard 
to a central reference plane, and also state 
their instantaneous value when crank (1) has 
turned through go° from the inner dead 
centre. 

Fig. 19 shows the crank arrangement. 

Remembering that for balancing purposes 
we can consider the reciprocating masses as 


‘concentrated at their respective crank pins, and 


forming an imaginary revolving system we see 
at once that there is no unbalanced force, the 
forces balancing one another since the masses 
are equal and the cranks opposed to one 
another. 

The couples will be proportional to the distance 
of the cranks from the reference plane, since 
the masses are equal. 

Calling, for convenience, the pitch of the 
cylinders = 2a, and the right-hand side of the 


(oD) 
4) | (3) 
(2) 
O-a 
Coup! 
porns, 
| 
| 
| 
| 
\ 
| 
I 
BoA cet [Ora ee ee 
E 5 B 
Fic. 19 


reference plane negative, then the couples are 
proportional to 


3a 
a 
—a 
The couple polygon is then shown in Fig. 19, 


the couples having been taken in clockwise 
crank order. 
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The closure represents, in magnitude and 
position relative to the cranks, the resultant 
imaginary centrifugal couple acting. Actually 
this gives the maximum value of the unbalanced 
inertia couple acting in the plane of reciprocation 


Cf) (2) (3) (4) 
F 3 4! 2! 
Iton 1-5 tons x 1ton 
Counle Hence cranks (1) (24) 
Pcl Polygon 7S 
() (2) (2) 
6 6 


(4)-Z 
® 
Force Polygon 


ray 


(4 7 
FIG. 20 


tending to turn the engine about a central 
axis perpendicular to this plane. This will 
occur when the cranks have turned into such 
a position that this vector V lies in the line of 
stroke XY. At the instant depicted crank (I) 
is at right angles to X Y, and the instantaneous 
value of the couple is the component of V in 
the line of stroke, i.e. ab, 
Thus from couple polygon 
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= 34,100 lb.-ft. 


22 fg ee Gas 


Instantaneous value at given instant 
= 34,100 cos 45° 
= 24,100 lb.-ft. 


EXAMPLE 2. The cylinder pitches of a four- 
crank engine are shown in Fig. 20, and the 
reciprocating masses of cylinders (1), (2), and 
(4) are 1, 14, and 1 ton respectively. Deter- 
mine the crank positions, and the reciprocating 
mass for cylinder (3) for complete primary 
balance. 

Take a reference plane at the unknown 
mass, and draw up a table as for a revolving 
system. Since the masses are all considered 
concentrated at crank radius, this radius may 
be taken as unity for the purpose of drawing 
the vectors. 


w2, = unity 

, Distance 

Plane from ~ # 
s Imaginary Imaginary 
Ref. Plane Centrifugal Force Centrifugal Couple 
x oC W oO Wx 

I 6 ft. I 6 

2 i 15 6 
Gi | ; 

4 -2 I -2 


All the couples are known in magnitude, and 
since the couple polygon is to be a closed figure 
and, in this case, is a triangle, it can at once be 
drawn, the sides indicating the relative positions 
of cranks (1), (2), and (4). Fig. 20, Note 
direction of crank (4). : 

The force polygon consists of four sides, three 
of which are now known in magnitude and 
direction, so that the closure will give the 
magnitude of the unknown mass (3) and the 
direction of its crank. The magnitude of this 
mass is 1-5 tons, which might have been deduced 
from the symmetry of the engine. 


(CONCLUSION) 
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~ MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mrcu.E. 


LESSON XXVII 


Development of Design. We have remarked 
that machine construction consists, in a great 
measure, of building with existing details and, 
while this is the general case, one ought to guard 
against the habit of assuming the detail part of 
a design to be stereotyped. It is true that 
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_ development in detail design is slow for the good 
reason that engineers hesitate to alter what has 
proved reliable. One may be forgiven for 
thinking that the proverb, “‘ the more it changes 
the more it remains the same,”’ has a particular 
application to machine design. This fact does, 


at times, tend to discourage the young designer 
and turn his initiative into a stoic copying, but 
such an attitude is neither good nor justifiable. 

One may examine a score details with the 
object of improving the same and find only one 
suitable for change, yet the one improvement 
will be worth the effort. 

We may now turn our attention to a few 


elementary cases in which the designer’s alert- 
ness for development would result in a gradual 
improvement of the detail. 

Development for Economy. An example is 
given in Fig. 1, which shows an old type collar 


Fic. 3 


bolt for a condenser tube plate joint. The 
machining involved in making the recess in the 
tube plate to suit the bolt is not merited by the 
advantage of providing the larger facing for 
the bolt nut. Consequently, the design was 
modified to the type shown in Fig. 2, the addi- 


tion of the washer compensating for the reduced 
area of facing on the door in way of the nut. 
This development is one which would occur to 
one using Fig. r as a guidance. Having recog- 
nized the improvement it requires only the 
courage of one’s conviction to make the change. 

A further example is given in the pump 
column shown in Fig. 3, the maximum diameter 
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of this detail is such that it could be most 
economically made from bar. This would entail 
reducing the section at the ends and in the body, 
but it will be observed that the reduction of 
the body section is for appearance only. In 


24 01a Hove 


FIG. 5 


the interest of economy we may modify the 
detail as shown in Fig. 4. 

A final example of development in design for 
economy of manufacture is given in Fig. 5, 
which shows a reciprocating engine pump lever 
designed to be made from a solid steel forging. 
For the dimensions given such a detail would be 
costly, and the process of forging would prove 
the most costly part of its manufacture. The 
elimination of forging from the manufacture 


would result in a considerable saving, and this 
economy may be obtained by building the part 
with a steel plate, pads, and small forged steel 
flange as shown in Fig. 6. 

Development from Experience. Mishap, and 
not foresight alone, may play a part in the 
improvement of detail design. It may happen 
that a detail will serve its purpose quite 
effectively for a number of machines and then 
fail through a common misfortune, the misfor- 
tune being, in this case, responsible for the 
improvement. 


Such a case is given in Fig, 7, which shows a 
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cover for a drain cooler. It will be evident 
that, for correct service in dividing the tubes 
into two flows, the cover must be fitted in a 
certain position relative to the body. With all 
the cover bolts similar, correct alignment of 


4 Rwers $6.09 6 Rwvers¥ on 6% PCO. 
$8 Ce 


the cover is dependent upon the care of the 
fitter. Such a design is unnecessarily dangerous 
and may be made quite safe by simply making 
one bolt of special form, say, a pear shape, as 
shown in dotted lines. 

A further example of development in design 
following experience is given in Fig. 8, which 
shows a device for preventing two valves being 
closed at the same time. Such a requirement 
occurs when a combined valve chest controls 


7 


the exhaust from a steam-engine to one of two 
directions, it being essential that one valve 
should always be open. 

It will be seen that the locking pin ZL must 
be placed comparatively close to the valve A 
before valve B can be closed, and that this close 
proximity of the locking pin to the valve 
spindle can only obtain when the valve A is 
open. If an operator carelessly attempts to 
close valve B before opening valve A, the 
sleeve on spindle B will find an obstruction 
in the locking pin L. This obstruction will 
remind him that valve A must be first opened 
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OUTLINES OF LOCOMOTIVE ENGINEERING 


and so the device makes the valve chest fool- 
proof. 

We may imagine the circumstance in which 
an operator, ignorant of the steam system, 
endeavouring to close valve B (with valve A 
in the closed position) and straining the locking 
pin. Such a strain may produce a malalign- 
ment sufficiently large to prevent the required 
movement of the pin L. 

Such an experience would suggest an improve- 
ment to the design as shown in Fig. 9, where the 
movement of the locking pin L becomes auto- 
matic. Further, it will be observed that the 
modified design is cheaper to produce. 

Development to Assist Manufacture. It may 
happen that a design is quite good with regard 
to strength and reliability, but poor when con- 
sidered relative to the ease of manufacture. 
_ This concern applies generally to those machine 
parts made in such small numbers that special 
experience of making the part has not had time 
‘to grow. In such cases it is advisable to aim at 
a design in which the machining and fitting 
shall be as simple as possible and not demand 
any special thought or consideration. 

Such an example, where the required number 
is small and the care required in fitting equally 
great is given in Fig. 10, which shows a loose 
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coupling fitted to a ship’s propeller shaft to 
enable the shaft to be withdrawn from the ship 
through the stern tube. 

In considering the method of fitting the loose 
coupling L to the shaft S it will be evident that 
great difficulty may be experienced in fitting the 
coupling tight on both the shaft and keys, at 
the same time keeping the coupling face in line 
with the ring R. Much of this difficulty may be 
avoided if the key-ways are cut to the shaft end, 
as shown in Fig. 11. This will allow the loose 
coupling to be fitted tight on the shaft and the 
keys to be driven home, binding the sides 
rather than the top of the coupling key-way. 
Further, the note suggesting the groove for the 
coupling ring to be cut after the keys are fitted 
will allow this part of the alignment to be 
accomplished quite easily. Finally, a groove 
added to the outside of the ring will enable the 
bottom half of same to be easily held in position 
while engaging the ring to the corresponding 
recess in the solid coupling. 


EXERCISE 


Choose a number of machine details from available 
drawings and engineering periodicals and, applying the 
above method, essay a development in design in as 
many cases as possible. 
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By A. Morton Bett, O.B.E., M.1I.Mecu.E., M.I.Loco.E. 


LESSON IX 
THE TENDER 


In addition to primarily being a fuel and water 
storage for the locomotive, the tender forms a 
useful and important adjunct. Originally, a 
box on wheels for the wood fuel, surmounted 
with a barrel for feed water, it has developed 
‘into a compact, if heavy, and carefully designed 
addition to the locomotive structure. 

The illustration, Fig. 37, shows one possessing 
some unique features, supplemental to the fact 
that it carries all the fuel and water required, 
it is also of considerable service when utilized 
as a-retarding element in controlling heavy 
trains on steep grades. 


90—(5462) 


The tank accommodates some 6,000 gal. of 
water, and the bunker (which is designed to be 
self-trimming) 14 tons of coal. To facilitate 
taking water, the whole side of the tender is 
made available for receiving the end of the 
water column, thus obviating the necessity to 
stop an engine within a foot or so of any exact 
spot. The outline adopted also permits of the 
engine-men having a good view of the track, 
if running tender first, or whilst engaged in 
shunting operations. 

To reduce weight, tenders of this description 
have been built with welded joints, thus 
excluding riveting and rendering unnecessary 
many of the butt strips, angles, etc., required 
for it. 
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The weight of the tender shown in running 
order with coal and water is 73 tons. 

The capacity and gross weight of this example 
are considerable, but it is necessary to carry 
large quantities of coal and water if heavy 
trains are to be hauled over long distances 
without stops, or delays, for locomotive pur- 
poses. On more favoured routes with shorter 
runs, smaller tenders are employed, and in the 
case of the 4-6-0 express engines of the G.W.R. 
(Fig. 3), a very compact and medium-sized 


tender is provided. It is fitted, however, with 
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cross beams are connected up with the pull-rod 
of the brake operating mechanism, and are also 
attached to the brake blocks acting against the 
wheels. By introducing equalizing levers among 
the rigging, all blocks can be arranged to bear 
with equal pressure on the wheels when power 
is applied. 

A form of tender which has met with favour- 
able adoption in America and abroad consists 
of a large, cylindrical tank for the water, and 
a sloping, self-trimming bunker for the coal, 
next to the locomotive ; a mechanical apparatus 
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a water-pick-up arrangement, to enable fresh 
supplies of water being taken whilst running ; 
a suitably made scoop is lowered into a long, 
narrow water tank placed between the tracks 
on a level section of the line, and the water is 
impelled up the pipe into the tank by the rapid 
motion of the engine. It is not always possible 
to secure the last requirement—a level section 
of line of sufficient length—and, further, there 
are difficulties where there are unfenced rail- 
ways in sparsely populated countries, from wild 
animals straying on the lines to drink. 

As already noted, considerable assistance is 
expected from a locomotive tender in control- 
ling trains with its brakes; the brake gear 
should be well designed of an equalizing type, 
to ensure all brake blocks pressing on the 
wheels in unison, and with similar power. 

The brake rigging, as it is termed, consists 
of a number of cross-beams suspended from 
hangers, attached to the tender framing. The 


operated by air is often placed herein to push 
the coal forward as required for firing. 

It is recommended that the tool boxes, cup- 
boards for men’s belongings, sanding gear, etc., 
be conveniently arranged at the locomotive, or 
foot-plate, end of the tender. An approved 
indicator, or gauge, to show the water level in 
the water tank is now usually fitted. 

The coupling between the engine and tender 
is a detail on which some ingenuity has been 
bestowed, as it is most essential that whilst a 
tight and reliable attachment is made; there 
should be ample flexibility to allow of easy 
passage over track cross-overs, etc. A recent 
design provides a stout, central, articulated 
draw bar, with a ball and socket joint at each 
end. This takes care of both draft and buffing 
stresses ; slotted safety links are provided on 
either side. In other designs, short, or dummy, 
buffers are fitted, to ensure a smooth running 
connection, 
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GAS ENGINES AND PRODUCERS 


By ARNOLD Rimmer, B.ENG. 


LESSON XII 
POWER GASES 


CONSIDERATION having now been given to the 
‘construction and working of gas engines, atten- 
tion will be turned to the subject of the various 
-gases on which they may be operated, and the 
methods of manufacturing certain classes of the 
same. 

Theoretically, any gas that is capable of 
‘burning in the presence of oxygen with an 
evolution of heat in the process, may be utilized 
/inagasengine. In practice, various considera- 
_ tions, especially that of cleanliness, are involved, 
-and the gases used contain hydrogen or carbon 
(or both) as the combustible constituent. , 

In order to understand the processes involved, 
it is necessary to consider a few chemical 
reactions, in which the following elements are 
included— 


Chemical Atomic 
Ba Symbol Weight 
Hydrogen H I 
Carbon Cc 12 
Nitrogen N I4 
Oxygen O 16 


It should be noted that hydrogen, nitrogen, 
and oxygen are di-atomic, i.e. a molecule con- 
sists of two atoms and is, therefore, repre- 
sented by H,, No, and O, respectively. Carbon, 
_on the other hand, is mono-atomic, as the mole- 
cule consists of a single atom. 

_ Hydrogen is odourless and non-poisonous, 
and burns with a non-luminous flame, producing 
water vapour according to the equation 


2H, + 0, = 2H,O 


~The heat evolved is about 290 B.Th.U.’s per 
cub. ft., though if the water vapour is con- 
densed the additional “ latent heat ’’ causes the 
higher calorific value to be about 340 B.Th.U.’s 
per cub. ft. 
Carbon monoxide (CO) is produced when car- 
bon is burnt in the presence of a limited supply 
of oxygen 


204310, == 260 


If the combustion is complete, however, 
carbon dioxide (CO,) will be formed, and this 
may be reduced to carbon monoxide by being 
passed over a further portion of the heated 
carbon 


eee CO 


This, of course, is the action which takes 
place in an ordinary fire of fair depth. The 
blue flame which is to be seen at the top of the 
fire is the carbon monoxide burning to form 
once again carbon dioxide 


2CO + O, = 2CO, 


When used in connection with gas engines, 
of course, this gas is not allowed to burn in 
this manner until it reaches the engine cylinder. 
Its “higher ” calorific value is about the same 
as that of hydrogen, but it is really superior to 
the latter, from the point of view of heat 
evolved, since there is no water vapour in the 
products of combustion. It should be noted 
that in the actual gas engine cylinder the 
temperatures prevailing are such as to prevent 
the condensation of water vapour and, conse- 
quently, the latent heat from the same is not 
available. Carbon monoxide is odourless but 
very poisonous, and adequate ventilation is 
essential in all buildings in which plants for the 
manufacture of this gas are situated. 

Nitrogen and oxygen, of course, are the chief 
constituents of the atmosphere, which is a 
mixture (not a chemical compound) of these two 
gases (together with traces of other gases) in 
the following proportions— 


Oxygen Nitrogen 
By weight 23% 77% 
By volume 21% 79% 


Oxygen does not burn, but is a strong 
supporter of combustion. Nitrogen and also 
carbon dioxide do neither, and so they are 
simply diluents when present in power gases. 

There are a large number of compounds 
(solids, liquids, and gases) of hydrogen and car- 
bon to which the general name of “ hydro- 
carbons’ is applied. The two most generally 
found in power gases are— 

(a) Marsh gas or methane (CH,) having a 
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lower calorific value of 955 B.Th.U.’s per cub. ft., 
and burning with a non-luminous flame to form 
carbon dioxide and water vapour 


CH, + 20, = CO, + 2H,O 


(b) Olefiant gas or ethylene (C,H,) which has 
a still larger calorific value (1,588 B.Th.U’s. per 
cub. ft.) and forms the same products of 
combustion though it burns with a highly- 
luminous flame 


C,H, + 30, = 2CO, + 2H,0 


Power Gases. The gases already considered 
are present in-varying proportions in the follow- 


as 


ing ‘‘ power gases,’ which are the chief ones 
used for gas engine operation— 

I. Town Gas. This is ordinary lighting gas, 
produced by the distillation of soft coal in 
closed retorts, the gas being afterwards care- 
fully cleaned. (The residue in the retorts, of 
course, is coke.) This gas, consisting chiefly of 
carburetted hydrogen, has a high calorific value 
but is also costly, and its use is generally 
restricted to small engines. It has the advan- 
tage of being available for immediate use from 
the supply mains. 

2. Producer Gas. In the manufacture of 
water gas, steam is blown through a mass of 
incandescent carbon, being thereby decomposed 
and hydrogen and carbon monoxide formed. 
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This process absorbs heat, and it is necessary 
to stop it at regular intervals and blow ait 
only through the carbon again to raise its te 
perature. The gas produced during the latter 
process is usually termed producer gas (in con~ 
tradistinction to water gas), and may be collectec 
separately and utilized or else blown to waste. 
In connection with gas engine operation, how- 
ever, the term “ producer gas”’ is generally 
applied to that formed when a mixture of ail 
and steam is passed through coal or other fue! 
which is burning in a special furnace. The g 
needs careful cleaning, especially to ensure the 
removal of all tar, etc. The combustible con- 


stituents are carbon monoxide, hydrogen, and 
small quantities of gaseous hydrocarbons. The 
calorific value is much lower than that of town 
gas but, asa smaller proportion of air is required, 
the heating value of the mixture is not greatly 
altered. It is much cheaper than town gas, 
and a producer of some form is used in the 
majority of gas engine installations to-day 
(Fig. 69). ; . 

3. Blast Furnace Gas. As previously stated, 
this is a “‘ waste product ” obtained during the 
reduction of iron ores, etc. It is of low calorific 
value and needs careful cleaning, as it contains 
fine attritive dust which would, of course, be 
detrimental to the working parts of a gas engine. 
Since coke is the usual fuel used in blast furnaces 
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there isno tar in the gas, and carbon monoxide 
is the chief combustible. The great merit of 
this gas is that of economy, since it can be made 
available with but little expenditure and would 
be otherwise wasted. 

4. Coke Oven Gas. This is produced during 
the preparation, from specially selected coals, of 
a hard pure coke for use in blast furnaces. 
Hydrogen and methane are the chief consti- 
tuents, and the calorific value is almost equal 
to that of town gas. 

5. Natural Gas. The decomposition of vege- 
table matter under a restricted supply of oxygen 
causes the generation of natural gas in the earth 
itself. It consists chiefly of methane and is 


_ found mainly in America and Russia, where it is 


used extensively for gas engine operation. 

A few further particulars of these gases are 
given in the table below. The calorific values 
stated are average figures— 


Ratio of Air to LOO ACA RTE 


Lower 
Gas Calorific — ea Value of Mix- 
Value (per cub.ft.) P one US" | ture (per cub. ft.) 
B.Th.U. B.Th.U 
. Town gas . 550 5:25:12 88-0 
Producer gas 150 Tk yz 7V5 
Blast furnace gas r00 o75:t 57:0 
Coke oven gas 500 Brae 83:5 
Natural gas 900 gr 8 go-o 


Natural gas is not available to any extent in 
this country ; lighting gas is expensive and the 
use of blast furnace and coke oven gas is 
limited, as a rule, to the works producing the 
same. Producer gas, on the other hand, has 


played a very important part in the general 


development of the gas engine, and has now a 
wide application. It is proposed to confine 
attention here to this class of power gas, together 
with the consideration of the construction and 
operation of the various forms of gas plant in 
which it is made. 

Producer Fuels. At the present time there 
are a great number of fuels which may be used 
in a gas producer, among which are those shown 
in the table in the next column. 

In addition, recent developments have shown 
the possibility of using much ‘‘ waste matter,” 
such as sawdust, spent tan, coffee and cocoa 
husks, cotton seeds, sugar cane refuse, etc. 

Typesof GasPlants. The heat evolved by the 
burning of the above fuels is considerable and, 
in order to prevent the formation of clinker, 
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Fuel 


Remarks 


Nearly all carbon and con- 
tains very little volatile 
matter. 

Contains a greater percen- 
tage of volatile matter and 
consists of 70-80 per cent 
carbon. 

The residue from the coal 
used for gas making. It 
is about 90 per cent carbon, 
the rest being chiefly ash. 
Obtained when the volatile 
constituents are driven off 
wood. 

Decayed vegetable matter 
found in “ bogs.” 


Anthracite coal 


(a) 


Bituminous coal . 
(c) | Coke . 


Charcoal 


(2) | Peat: . 


etc., and also reduce radiation losses, it is 
necessary to control the temperature attained 
in the producer. This is usually effected by 
mixing steam with the air passing through the 
fire. A portion of the heat is absorbed in 
“ dissociating ’’ the steam and, in addition, the 
gas is enriched by the hydrogen which is formed 
C+ H,O = CO + H, 

Gas producers may be divided into two main 
classes, viz., 

1. Suction plants. 

2. Pressure plants. 

In the latter, steam is generated in a separate 
boiler, and the mixture of air and steam forced 
through the generator by means of a blower or 
steam injector. In suction plants, however, 
the air and steam are caused to flow through the 
incandescent bed of fuel by the rarefaction of 
pressure produced by the engine during the 
induction stroke, the steam being formed in a 
“vaporizer”? through which the air passes, 
an intimate mixture of the two being thus 
ensured. An average fuel consumption for 
suction gas plants is rlb. of anthracite (or 
t} 1b. of coke) per b.h.p. hour for continuous 
running. The water required for steam making 
and for cleaning the gas is usually about 
1} gal. per b.h.p. hour. 

In addition to firms specializing on gas plant 
construction, several gas engine manufacturers 
now make their own producers, etc. Variations 
in the same are chiefly in matters of detail and, 
in the next Lesson, a brief description of a few 
representative plants will be given. 


1422 


ENGINEERING EDUCATOR 


DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I.Mecu.E, 


LESSON XII 
MAINTENANCE— (conid.) 


The Fuel Pump. The packing of the operating 
spindles and the plungers (if packings be used) 
needs to be kept oil-tight, and very occasion- 
ally the suction and delivery valves require 
regrinding on their seats; beyond this there is 
little to go wrong. 

One of the troubles associated with the work- 
ing of the fuel pump is “ air-locking,”’ that is, 
the accumulation of small volumes of air in the 
working chamber or in the space below the 
delivery valve. This air, by being compressed 
and re-expanded during the delivery and suction 
strokes respectively, effectively prevents the 
full quantity of oil being delivered. When this 
trouble occurs, as it sometimes does after an 
engine has been standing idle for some time or 
after a dismantling of the pump or piping, it 
usually requires the opening up of the delivery 
valves so that the fuel oil can be pumped or 
allowed to flow up past them and thus to per- 
mit the escape of the air. Once the spaces 
below the delivery valve are clear the trouble 
will cease, as the plunger then works against 
solid oil and a full charge must go forward 
during the delivery stroke. 

In the solid injection system with pump 
injection this point is of extreme importance, 
for even a minute quantity of air in any part 
of the system subject to the intermittent pump 
pressure will seriously interfere with the injec- 
tion, if it does not stop it altogether. For this 
reason, in all types of pumps care is taken in 
the design of the pump and piping system to 
avoid pockets or recesses in which air might 
lodge. 

When an engine has stood for any length of 
time it is necessary before starting up to prime 
the delivery piping to the fuel valves. Means 
of doing this are always provided, either by 
operation of the main plungers themselves or 
by small auxiliary plungers fitted in the delivery 
chamber of the pump. This is done to ensure 
full pipes when the engine starts, so that 
immediately the fuel valve comes into action 
oil is delivered into the cylinder. When prim- 
ing in this way, it is advisable to disconnect 


the pipe from the fuel valve casing and allow 
the oil, when the pipe is full, to flow out at the 
end rather than into the casing. Too much oil 
in the casing would cause a very heavy charge 
to enter the cylinder, which might lead to 
excessive pressure and violent bumping when 
the engine begins to fire. A small by-pass valve 
is often provided in the delivery piping near the 
fuel valve casing to allow this priming operation 
to be more conveniently carried out. 

It is the correct adjustment of the fuel pump 
that ensures equal distribution of the work done 
by the respective cylinders of a multi-cylinder 
engine. Separate adjustment is always pro- 
vided for each cylinder, usually by means of a 
tappet screw under the suction valves of the 
pump in a normal design, where there is a 
separate plunger for each individual cylinder. 
This is a matter that may require attention in 
running, even though the settings may have been 
correct previously. For instance, if one plunger 
becomes more leaky than another and there was 
no means of correcting this otherwise, the extra 
loss could be allowed for by giving that parti- 
cular plunger a little longer effective stroke. 
Differences in the tightness of the fuel pump 
valves might be allowed for in a similar way, 
but, of course, the proper thing to do in that 
case would be to put the valves right. 

Air Compressor, Intercooler, and Air Receivers. 
In the early days of the Diesel engine there was 
often a considerable amount of trouble with the 
air compressor. The range of pressures and 
temperatures in the respective stages of com+ 
pression was high, the valves were heavy and 
difficult to maintain in good working order and 
often the method of lubrication was unsuit- 
able. Modern designs, ~however, are much 
improved, such as by better proportioning of 
the respective stages of compression, thereby 
equalizing the ranges of pressure and tempera- 
ture, the use of three, or on large engines even 
four, stages of compression instead of two, 
simpler and better design of the valves, the old 
mitre-seated type being now almost universally 
displaced by valves of the plain disc type, 
absolute control of cylinder lubrication by the 
use of mechanical sight feed lubricators and the 
use of more suitable lubricating oils, Hence, 
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the compressor may now be regarded as quite 
as reliable as the main parts of the engine, and 
it is exceedingly rare in these days that any 
serious trouble occurs. 

Practically only the valves require any special 
attention. As already mentioned, these are 
generally of the simple disc type and automatic 
in action. Occasionally they require to be 
dismantled and cleaned as they tend in time 
to become sticky with carbonized lubricating 
oil. Careful attention to the cylinder lubrica- 
tion and restriction of the amount of oil used 
to the minimum necessary for efficient working 
are the most important factors in reducing this 
trouble. Too much lubricating oil is sure to 
lead to carbonization of the valves and also 
to similar trouble with the compressor pistons. 
The intercoolers have no working parts, but 
’ still demand a certain amount of regular atten- 
tion while the engine is running, owing to the 
unavoidable accumulation of water that takes 
place in them. A certain amount of oil from 
the compressor is also carried into them, which, 
if allowed to collect in sufficient quantity, may 
form with the water and under the action of 
the high pressure air a slightly acid emulsion. 
The presence of this water is due to the moisture 
contained in the air which is taken into the com- 
pressor and which is condensed in the inter- 
coolers. The quantity of it varies, therefore, 
according to the state of the atmosphere, and 
may amount to quite a considerable quantity 
on a damp or foggy day when the air is heavily 
laden with moisture. The amount of oil that 
is carried over depends chiefly upon the efficiency 
and correct adjustment of the compressor 
lubrication. 

Regular drainage of this liquid is, therefore, 
a necessity, and provision is always made for 
this by including in the design suitable settle- 
ment spaces in which drain valves are fitted. 

Intercooler coils, which are usually made of 
copper, also suffer from a liability to corrode 
and erode under the action of the liquid already 
referred to in conjunction with the scouring 
action of the hot, high pressure air. This 
applies particularly to the coils of the high 
pressure stage. Care must, therefore, be taken 
to avoid failure of the coils from this cause, and 
the now recognized method is to inspect the 
coils at stated intervals and to keep a regular 
check on their weight. If corrosion is taking 
place the weight will gradually diminish and, 
when that reduction has reached some agreed 
amount, say, 25 per cent, the coil is replaced 
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by a new one. This is an important matter, 
as the bursting of an intercooler coil causes a 


‘temporary stoppage of the engine and may 


result in the fracture of the surrounding water 
jacket, unless this is provided with suitable 
relief valves. 

The starting air and blast air receivers, like 
the intercoolers, accumulate a certain amount of 
water condensed from the atmospheric air which 
is pumped into them and this requires to be 
drained off, suitable cocks being always provided 
for this purpose. If this is not attended to in 
the case of the blast air receiver, it is possible 
for some of this water, which, as already 
explained, may contain a certain amount of 
lubricating oil, to be carried with the blast air 
into the fuel injection valve casings and, by 
mixing there with the fuel oil to cause mis- 
firing or irregular running of the engine. Cases 
have occurred in the past where the dirty car- 
bonized oil from the compressor has been 
carried in this way right into the fuel valve 
casing, and there has caused choking of the 
pulverizer. Such a case, of course, points to 
defective methods of lubrication of the com- 
pressor and could scarcely occur in a modern 
design with the better control of the supply of 
lubricant. The important point in this con- 
nection is to recognize that in all compressed 
air systems the accumulation of water cannot be 
avoided, and that provision must be made for, 
and attention regularly given to, its removal. 

General Maintenance. We cannot here refer 
in detail to all those matters of ordinary pro- 
cedure which are necessary to maintain a Diesel, 
or any other type of interna! combustion engine, 
in an efficient state of working, that is to say, 
the rectification or renewal of parts subject to 
wear, such as the main and connecting rod 
bearings, cylinder liners, pistons, piston rings, 
exhaust valves, etc., the correction or readjust- 
ment of valve settings, the maintenance and 
correct alignment of crankshafts (a matter of 
considerable importance in miulti-cylinder 
engines), the choice of the most suitable lubri- 
cants and their correct use, and possible treat- 
ment after use, the proper regulation of the 
water circulation and the keeping of the engine 
in a clean and efficient state. In such matters 
the Diesel engine, like other engines, must receive 
its due measure of attention and care, if satis- 
factory and continued service is to be expected. 
When such attention is given, then it may be 
taken that there is scarcely any limit to the life 

(Continued on page 1429) 


1424 


SOLDERING, BRAZING, AND WELDING 


ENGINEERING EDUCATOR 


By E. ArtHur ATKINS, M.I.Mecu.E. 


LESSON IV 


POINTS TO BE NOTED IN 
ARC WELDING 


One of the unfortunate things in connection with 
fusion welding is that the process appears to 
be so simple that an ordinary mechanic may 
imagine that he can carry out the operation 
with little or no instruction. But in actual 
practice it is found that the best type of welder 
is one who is capable of thinking out ways and 
means of doing his work in the best possible 
manner. 

In the past fusion methods of welding came 
into bad repute very largely through inex- 
perienced and unthinking operators. There 
are all kinds of points which it is necessary for 
a welder to attend to if he is to obtain the best 
results. A few of these are as follows— 

Generator. It should not be forgotten that 
the generator, whether it is driven by motor, 
steam, or petrol engine, requires regular atten- 
tion, and if this be given the operator will be 
well repaid in the higher efficiency of the machine. 

Switchboard, etc. The connections on the 
switchboard, cable joints, and electrode holder 
should be carefully made so that there will be 
no leakage of current. Care should also be 
taken that all parts of the cables are properly 
insulated so as to avoid the danger of a ‘“‘ short ” 
which may result in a skin burn or fire. 

Skin Protection. A welder should always 
wear gloves and see that all parts of the body 
are covered so as to keep the injurious rays of 
the arc from striking directly upon the skin. 
Neglect of this precaution may cause the skin 
to become inflamed and very painful. Screens 
which are used for the protection of the eyes 
should also be sufficiently large to cover the face. 

A good sized leather apron should be worn not 
only to protect the clothing from being burned 
by showers of sparks, but also to offer additional 
resistance to the passage of the injurious rays 
to the skin. 

Celluloid collars should not be worn when 
in the vicinity of any kind of welding operation 
as collars of this description may readily be set 
on fire by flying particles of molten metal or 


oxide. It is necessary that the neck should be 
protected, but by a material of non-inflammable 
character. 

Eye protection. It is a good plan to makea ~ 
rule never to look at the arc with the eyes 
unprotected, particularly is this true when 
striking the arc. As good eyesight is of the 
greatest value to the welder, no precaution 
should be neglected that will enable him to 
keep his eyes in the best possible condition. 

Goggles. Care should be taken to use only 
goggles that are suitable to the eyesight of 
the particular operator, and for this purpose 
it is worth while experimenting to find out which 
tint of glasses will enable him to do his work 
with the greatest ease and the least strain to 
the eyes. Glasses which are too clear may 
impair the eyesight; on the other hand, if 
they are too dense eye strain may be set up 
with resulting inflammation. 

A simple method of testing the suitability 
of glasses is to weld for a short time, stop, and 
then look in a direction away from the work, 
and if a white or yellow spot is retained in the 
vision it is an indication that the glasses are 
not dense enough. If, however, the welder 
has difficulty in seeing the work about the arc 
then the glasses are too dense. 

After the most suitable glasses have been 
obtained it is a wise provision to have a clear 
glass lens fixed on the outside of the coloured 
glass in the frame so as to protect the coloured ~ 
glass from being destroyed through the splashing 
of metal or oxide on same. 

It is also advisable to have cardboard side 
protectors as shown in Fig. 13 attached to the 
spectacles, as these will prevent flashes of light 
striking from the sides.” 

Polarity of Current. Usually. it is advisable 
to have the positive terminal attached to the 
work, and the negative to the- electrode, as 
this method of connection gives a larger quantity 
of heat at the work end of the arc where it is 
required on account of the mass of metal being 
very much greater than the electrode. With 
some systems of welding or classes of work the 
experienced operator may find it necessary to 
reverse the polarity, but a little experimenting 


SOLDERING, BRAZING, AND WELDING 


will soon show which polarity gives the best 
results. 

With the metallic arc if the positive cable be 
attached to the holder, and the negative to the 
work, the arc is usually found to be erratic in 
working, and it is not so easy to control the 
flow of the deposited metal. 

If there is any difficulty in knowing which 
are the respective poles this can very simply 
be overcome by the use of a piece of pole-finding 
paper. 

Regulation of Current. The current should 
be regulated so as to give a metal deposit which 
will not only be solid but will also be completely 
fused to the metal of the work, and at the same 
_ time be deposited at the maximum speed. 

For long seam plate work the speed of deposit 
is, of course, important, whereas in odds and 
ends of repair work the rate of throwing down 
the metal is not of such importance. 

If more than one run is to be made on a joint 
it is a good plan to have the current slightly 
on the high side to commence with, then, as 
heat is generated in the work, to reduce the 
current. 


Sometimes it is a good method to make a 


first run with, say; a No. Io gauge electrode, 
and a second run with a No. 8 gauge, and if 
a third run is required with a No. 6 gauge wire, 
and the current should be increased with the 
increasing diameter of electrode. The flow of 
the deposited metal will determine the increase 
or decrease of the current, and it is only by 
careful, steady practice that this can be accu- 
rately ascertained. The speed of travel along 
a welded seam must, of course, be related to 
the flow of the deposited metal. 

Movement of Electrode. The travelling move- 
ment of the electrode and method of gripping it 
is important. A circular or a half circular 
motion (Fig. 14) should be adopted to ensure 
that both sides of the vee of the joint will be 
thoroughly united, but on no account must too 
much metal be deposited at one time or the 
ultimate result will be either defects from con- 
traction or the forming of blow-holes caused by 
the gases generated through the oxidizing of 
some of the metal constituents being enclosed 
in the metal when it solidifies. 

A circular motion of small backward and 
forward swing is perhaps as good a method as 
can be used. The metal will then deposit in 
a manner after the form of a solid spiral 
spring, and will give a very good grain on 
solidification. 
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Sometimes the operator will find it difficult 
to keep a steady arc, due to the vibration of a 
long electrode, particularly so with the lighter 
gauges of wire. To overcome this it is a good 
plan to crank or bend the electrode slightly, 
as this has the effect of damping the vibration 
of the wire, and certainly results in a better 
deposition of the metal. Another method which 
can sometimes be applied is to bend the gripped 
end of the electrode to a right angle (Fig. 14), 
and when the wire is cranked, as previously 
explained, this will allow the operator to com- 
mence work with the electrode at an angle of 


Fic. 13. 
PLAIN GOGGLES WITH SIDE PROTECTION 


Which must always be used when hammering the weld and if welding 


near a wall that is whitewashed. Side protections are made from 
pieces of cardboard 


go° to the job, and with a slight forward move- 
ment any angle can be obtained to give the best 
condition for depositing the metal. 

Fig. 14 shows in detail what has been men- 
tioned above with regard to the holding and 
movement of the electrode. The arrows indicate 
the direction of travel, and the diagrams 1-5 
the variations in movement of the tip of the 
electrode whilst welding and depositing the 
metal. No. x shows the half circular move- 
ment which by some operators is considered 
to be the best one to work to, as there is no 
traversing the ground a second time, but a 
continual sideways-forward movement. 

No. 2 shows a circular or spiral movement. 
This is a useful method to adopt when the 
puddling of metal is required, care being taken 
that the spaces in between the spirals are closed 
up, and continuous contact made with the 
molten metal. 

No. 3 is a movement which consists of going 
across to the right, forward a little, then to the 
left and forward again, and is similar to travel- 
ling along three sides of a square. This method 
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will be found efficient in stopping the arc from 
attacking the surface of the walls in a drastic 
manner. In these movements the arc must be 
as short as possible. 

No. 4 may be described as an inclined back- 
ward and forward movement, whilst No. 5 is 
just a regular zigzag forward movement. This 
will slightly increase and decrease the size of gap, 
tending to increase and reduce the temperature 
respectively. In some cases in practice it will be 
found to give advantages, but on no account 
should this method be applied if using heavily 
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is able to strike and maintain a steady arc, 
but will it be of some assistance to consider the 
following points— 

As the pulsation of the body considerably 
affects the keeping of a steady arc, the operator 
should take care to arrange himself in as com- 
fortable a position as possible, and where 
convenient be seated. In this manner he will 
find it much easier to damp down any vibrations 
that may be set up by himself. 

As the weight of the cables also has a ten- 
dency to interfere with the maintaining of a 
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Fic. 14 
A = ELECTRODE HOLDER 
B = ELEcTRODE with Ricut ANGLE END, ALSO CRANKED 
IN MIDDLE 


- Half circular travel. 
. Circular travel. 


OPW H 


. Zigzag travel. 


coated rods, or the weldjwill be defective in the 
way of slag inclusions. 

At the end of a run, or when a wire has to be 
replaced, the are should always be broken as 
quickly as possible. If this is not carried out 
a black cavity will be formed in the weld caused 
by the gap enlarging and through increased 
temperature, the metal becoming burnt. When 
this happens the defective surface should be 
chipped out before being refilled with new 
metal. If the arc is broken quickly there is not 
sufficient time for an increased temperature to 
be set up, and consequently there will be no 
defective portion in the weld. 

Striking the Arc. It will require some 
practice before one unaccustomed to welding 


. Three-sides of a square movement. 
- Inclined backward and forward travel. 


steady arc these should be supported across the 
knee, allowing only sufficient unsupported 
length for easy movement of the electrode. 
Another plan sometimes adopted is to support 
the cable with the hand that holds the welding 
screen, with just sufficient free length to allow 
the holder to move freely downwards as the 
wire is consumed. < 

The elbows should be kept close to the sides, 
and the operator should learn to manipulate the 
electrode holder with a movement from the 
wrist. If work is carried on with the elbows 
held out from the body, there is a tendency for 
movement to take place from the shoulder with 
a resulting unsteady arc. As any form of 
stiffness militates against the obtaining of a 
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steady arc it is as well to arrange for the cables 
to be as flexible as possible. 

The Flashing of the Arc. As previously 
mentioned, care should be taken to protect the 
eyes from side flashes. If, however, the opera- 
tor should unfortunately receive a flash from 
the arc on the eyes, measures should be taken 
to remove its effects. It is usually several 
hours before the full results are felt from a bad 
flash, and it takes about twenty hours before it 
‘passes away. It is, therefore, advisable to 

‘give a hint or two as to how to deal with this 
occurrence, 

An eye bath, together with some _boracic 
powder can be procured from a chemist for a 
few coppers. About a quarter of a teaspoonful 

of the boracic powder should be dissolved in 
hot water, and when this has cooled down to 
about the temperature of the body it should 
be poured through a piece of lint or clean linen 
into the eye bath, when it will be ready for use. 
If the eyes are bathed with this it will be found 
to relieve the severe inflammation considerably. 
Before retiring for the night a few drops of 
pure castor oil should be applied to the eyes, 
this will further relieve the pain and also act 
as a lubricant. Sometimes the effect will be 
felt during the night, but the welder should not 
be alarmed as this will pass away. If the pain 
is severe relief can be obtained by laying a cloth 
which has been dipped in cold water over the 
top of the eyes. 

Many operators suffer with their eyes when 

first commencing to work at electric welding, 
' but this passes away later when the eyes get 
used to the welding light, but it should be 
remembered that it is impossible for the eyes 
to get accustomed to the lighting of the arc 
without the screen, hence again the caution to 
take care of the eyes should be emphasized. 

After a heavy day’s welding an operator will 
find very beneficial results from having a walk 
in the country, or a cycle run beside green fields, 
the green of the grass and the trees having a 
very soothing effect on the eyes, in addition to 
the breathing of the pure air after the vitiated 

»atmosphere that usually obtains about welding 
work. 

Hammering of Welds. It will readily be 
understood that when a weld has been made 
by the aid of the electric arc the deposited metal 

through having been in a fused condition 
practically has all the characteristics of metal 
in the cast state. Therefore, to bring back some 
degree of toughness it is always advisable, 
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wherever possible, in the welding of wrought 
iron and mild steel to hammer the deposited 
metal after it has become solid at a high tem- 
perature. In some cases, in addition, it is 
always a great advantage to anneal the joint 
as this will give increased toughness. 

Copper as a.Protecting Metal. Copper bar, 
plate, and sheet can be considerably utilized 
in connection with welding, as it is easy to bend 
to the shape of joint on any broken portion 
to which it can be attached, and easily separated 
after the weld has been made. Thus, for in- 
stance, if a cast-iron article is broken at some 
awkward part a piece of plate copper can be 
bent to the desired shape so as to support the 
broken portion. This portion can then be 
veed and clamped to the copper. The arc can 
penetrate through the vee and plate upon the 
copper without making an impression upon the 
latter. When the weld is completed the copper 
plate can be removed, leaving the surface of 
the cast-iron article quite flush, and no dressing 
will be required. 

Copper can also bé used to protect holes from 
being filled up when a fracture passes through 


_same (Fig. 15), and is being repaired. A bush 


can be made of about } in. plate copper to the 
diameter of the hole. This can be firmly 
inserted, and after the welding has taken place 
be readily removed. 

In the welding of thin pieces of iron or steel, 
sheet copper can be used to cover the underside 
of the joint which will prevent the metal from 
running through. Copper can also be used when 
holes are being filled up, as a piece of this metal 
can be fixed for the bottom of a hole and the 
metal deposited on same. 

In filling in holes the end of the electrode should 
be continually pointed to the walls of the hole, 
at the same time the travel taking place round 
and round. If the metal begins to run too 
freely this, of course, is an indication of too 
much heat, and the current should be reduced. 

Welding Cast Iron. One of the commonest 
complaints about electric welds which have been 
made on castings is that the material after 
welding is so difficult either to machine or to 
cut, and also that the edge of the weld is so 
extremely hard and brittle, that the least 
vibration in thin castings will cause a fracture 
alongside the weld. This is due to the high 
temperature to which the walls of the weld are 
raised, the graphite in the cast iron completely 
combining or going into solution with the iron 
and forming an extremely hard compound 
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known as cementite or carbide of iron. The 
quick rate of cooling, due to the heavy mass of 
metal conducting the heat from the small 
quantity of metal which is molten along the 
weld line, causes the latter to be “ chilled,” 
that is to say, that there is not. sufficient time 
for the graphite which is in solution to be 
thrown out again in cooling. There are two 
obvious remedies, one is to reheat the weld and 
to allow for very slow cooling away from all 
draughts of cold air. The other remedy is to 
use such a flux on the electrode as will oppose 
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electrodes. If it can be conveniently done the 
work should be pre-heated to a temperature 
somewhat higher than the,melting point of 
Jead, and{this can be quite easily tested by 
drawing a piece of sheet lead along the surface 
and observing if the remaining streak is melted. 


Care must be taken to adjust the current — 


correctly so that the electrode will run freely 
but not too rapidly. When the arc is struck 
and proper contact made with the molten metal 
the point of the electrode must be moved in 
such a manner as to more or less puddle the 


Fic. 15. 
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the carbon going into solution. This latter 
method is one which possesses all the elements 
that make for the successful welding of cast 
iron, and from experiments that have been 
carried out there seems now to be no doubt that 
this will become the common way by which 
cast iron in the future will be welded to give a 
soft deposit. 

In acetylene welding it is necessary to use a 
ferro-silicon rod, but with electric arc welding 
the conditions are entirely different, and a mild 
steel wire electrode with a suitable flux will give 
the correct quality of deposit if the work is 
done properly. 

The greatest care must be exercised in the 
welding of cast iron if the best result is to be 
obtained in the use of these specially coated 


. Method of protecting’ hole with copper. 

. Method and order of runs on joint of cast iron. 
. Method and order on building up shaft. 

- Method of depositing metal for an overlay pad, 
. Method of pegging cast iron. 


molten metal, and this is particularly so with 
regard to the edges of the weld. By this 
puddling the flux material will be worked into 
the molten metal, and as previously mentioned 
offer resistance to all the graphite going into 
solution. 

After the weld is completed it must be pro- 
tected in such a manner as to ensure slow cooling, 
both from the point of view of avoiding con- 
traction fractures, and also to leave the deposited 
metal in a soft condition fit for machining. 

There are many additional hints that might 
be given in connection with the welding of cast 
iron, but perhaps the following two or three will 
be sufficient— 

In welding together two flat surfaces the 
tendency on cooling is for the joint to sink and 
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the plate to settle in the form of a gutter. 
Therefore, to avoid this it is a good plan to 
pack up the joint a little out of the flat, so that 
when cooling has taken place the plate may be 
drawn back to the level. All kinds of methods 
are sometimes adopted, by bolting, clamping, 
etc., to restrain the contraction of the cast iron 
after cooling, but these, it need hardly be said, 
are of very little avail, as the force of contraction 
in cast iron is so enormous and the metal usually 
so brittle that the casting will break either 
before or after being released. The careful 
avoidance of contraction strains is one of the 
things that the good welder is always thinking 
about on cast-iron jobs, and this, in many cases, 


can be overcome by one or other method. 


On some jobs it is a good plan, if no machining 
is required afterwards, to set up an opposing 
stress in the metal by the application of 
mechanical force, either by wedging or some 
other way, but this can only be applied to a 


» limited number of jobs. 


Wherever possible it is always advisable to 
reinforce the metal when repairing a cast-iron 
fracture, the reinforcing being done by building 
up as much as convenient at that part of the 
joint where there would be no objection to the 
extra metal put on to give additional strength. 
The extra reinforcement, of course, takes the 
part of a pad on the top of the deposited metal in 
the vee, andit is nota bad plan to make this pad 


~ about half as wide again as the top of the vee. 
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Motor cylinders should always be pre-heated 
if they are to be electrically welded, as very 
serious contraction strains will be set up in the 
metal when cooling, if the cylinder is not 
carefully heated before welding commences. 

The inexperienced may easily be led astray 
by the ease with which a crack in the cylinder 
appears to be repaired without pre-heating, 
but he will be quickly disillusioned when he 
finds an ugly crack appear when the cylinder 
has cooled down. Sometimes the fracture may 
be so fine in the weld that it is hardly perceptible. 

Pegging of Cast Iron. When jobs have to be 
welded in graphitic cast iron, as mentioned 
above, it is best to peg the joint as shown in 
Fig. 15, No. 5, by drilling holes, tapping, and 
screwing in a series of mild steel pegs. The 
pegs will be merged and welded into the 
deposited metal, give strength to the joint, 
and thus enable the operator to make the best 
of a bad job. 

The above form of spongy cast iron can 
generally be tested by a hammer and chisel; 
and if it is found to break away in powder this 
will give an indication of the difficulties that a 
welder is up against in attempting to make a 
success of this kind of metal. 

Finally, it can be taken as a general rule that 
without a foundation of good metal it is ex- 
tremely difficult to make a presentable job, and 
often a waste of time and good material to 
attempt same. 


(CONCLUSION) 
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(Continued from page 1423) 


of a well-designed Diesel engine, for, by the 
renewal from time to time of the worn parts, its 
efficiency can quite easily be continuously main- 
tained equal to that of a new engine. 

The above remarks on maintenance apply, of 
course, more particularly to the air injection 
type of engine, but in a general way to the solid 
injection type also. There are naturally with 
that type special precautions to take and points 
to watch in connection with the fuel injection 


system, such as the maintenance of thoroughly 
tight joints to withstand the high oil pressures, 
the cleaning and care of the fuel pump valves 
and injection nozzles, avoidance of air-locking 
andsoon. These, however, are points on which 
it is not proposed to enlarge here and, in any 
case, they are mostly of a very practical nature, 
quickly recognized and understood by any 
competent man who may be called upon to deal 
with them. 
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STEAM T 


URBINES 


By W. J. Kearton, M.Enc., A.M.I.Mrcu.E., A.M.Inst.N.A. 


LESSON XI 
THE LJUNGSTROM TURBINE 


A veERY successful double-motion radial-flow 
impulse-reaction steam turbine is that developed 
by the two Swedish engineers, Messrs. Birger 


HoH 


is constructed in this country by the Brush 
Electrical Engineering Co., Ltd. 

Fig. 45 shows a diagrammatic arrangement 
of the turbine. Discs A and B are attached 
to the shafts C and D respectively, and rotate — 
in opposite directions. E is the steam chest, - 
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Fic. 45. DIAGRAMMATIC ARRANGEMENT OF DOUBLE- 
MOTION RADIAL-FLOW REACTION TURBINE 


(Ljungstr6m Type) 


Note. In each ring of blades, 


the blades extend around the 


complete circumference 


and Fredrik Ljungstrém, about the year IgI3. 
The then new machine was a radical departure 
in steam turbine construction, and embodied 
several ingenious devices to reduce blade tip 
leakage, dummy leakage, gland leakage, and 
conduction and radiation losses. The machine 


and F the exhaust casing to which the bearings 
GG are suitably attached. Leakage of steam 
from the steam chest E is minimized by suitable 
shaft glands H. 

The axial thrust on the discs A and B, due 
to steam pressure and tending to force the discs 


STEAM TURBINES 


apart, is balanced by a gradually falling steam 
pressure from chest to exhaust casing in the 
“dummy ” labyrinth /. 

Steam is supplied by two pipes leading from 
the side of the exhaust casing into the steam 
chest FE. It passes from thence through a 
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the shaft of an alternator. The alternators run 
in opposite directions and are operated in 
parallel. An exciter is driven from one of the 
alternators only, but serves both machines, of 
course. Eaeh rotor disc is equipped with a 
number (twenty in this instance) of concentric 


WS 


ExHausT|_ 


Condenser! 


Fic. 46. SECTION THROUGH 1,500 KW. BrusH-LJUNGSTROM TURBINE 


number of holes in the hub of the rotor into the 
centre of the blade system, through which it 
flows radially outward in all directions. 
A section through a 1,500 kW. Brush‘Ljung- 
strém turbine is shown in Fig. 46. F and G 
are the two rotor discs, the hubs H of which 
are bored to a sharp taper and attached to the 
stub shafts J. Each of the latter is bolted to 


rings of reaction blades, so arranged that when 
the rotors are placed together coaxially, the 
blade rings of one rotor fit in between the blade 
rings of the other. 

The steam chest is a steel casting C, which 
is secured to a seating ring D by bulb expansion 
vings. The latter are such an important feature 
of the turbine that a few words will be devoted 
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to them. The rings are of steel and have a 
cross-section shaped somewhat like a dumb-bell. 
Each side of the ring is gripped in an annular 


th a eae | ' 


ate Be 


Fic. 47. Burp Expansion RING 


recess in the parts to be attached, the recess 
being closed as shown by the diagram, Fig. 47b. 
Provided the parts are properly designed—even 
though they may be rotating at a high speed— 
the only strains on the ring are (x) that due to 


\ 


Oo 
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the weight of the part supported; (2) that 
caused by differential expansion, due either to” 
temperature variation or mechanical strain ; 
and (3) the torque on the blade ring. Owing 
to the yielding nature of the ring, it exerts 
comparatively little constraint on the parts in 
the event of differential expansion. A furthe 


advantage, exemplified in the attachment of the 


Fic. 49. SECTION THROUGH LJUNGSTROM 
TURBINE BLADE RING 


steam chest C to the seating ring D, is the small 
amount of heat conduction consequent upon the 
small area of the ring. 

The fixed labyrinth discs E are attached to 
the chest C, and the rotating labyrinth discs K 
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to the rotor discs Ff and G. The attachment 
is made in each case by means of the above- 
mentioned expansion rings. 

Leakage of steam from the steam chest is 
kept down to a very small amount by a most 
ingenious shaft gland N. 

_ The steam pipe A is branched into two pipes 
B leading directly into the steam chest. The 
pipes A and B are surrounded by an air jacket 
enclosed in the space between the pipe and 
a light steel sheath, welded to the pipes. 
This jacket minimizes the loss by radiation to 
the exhaust steam by which the pipes are 
surrounded. 

When the turbine is required to take an over- 
load, an automatic by-pass valve or a hand- 

_ operated by-pass valve admits live steam to the 
blade system through the ports L and M. At 

_ these points, the blade area is greater than it is 
through the innermost ring of blades, so that 
the weight of steam flowing through the turbine 
‘per second is increased. There is, however, a 
slight reduction of efficiency at overloads: 

The increased area for flow consequent upon 
‘the great increase in specific volume towards the 
exhaust end of the blade system is provided for 
partly by the increase in circumference and 
partly by increasing the axial length of the 
blades. There is, however, a limit to the safe 
length of the blades owing to the bending action 
of centrifugal force; and when the length 
required exceeds the safe length, the complete 
blade is divided into two or more sections, each 
section being attached to a continuous ring of 
steel, known as a “strengthening ring.” An 
example of this is shown in Fig. 48. Here the 
last six rings of blades are subdivided into six 
sections. 


DETAILS OF CONSTRUCTION 


Blading. A section through a blade ring is 
shown in Fig. 49. The blades proper (11) are 
attached, in the first place, by welding, to two 
foundation rings (10). When the complete ring 
is formed, the foundation rings are turned to 
the dovetail section, as shown in Fig. 49. The 

“strengthening ring” (9), whose function is 
described above, is turned to the section shown 
in Fig. 50, the projecting edges a and b being 
rolled over so as to grip the dovetail of the 
foundation ring, and the edges c and d being 


- 91—(5462) 
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rolled over to grip the expansion ring. The 
expansion ring (4) is gripped by a caulking 
ring (2), which is held firmly in a groove in the 
side of the rotor disc (1). Nickel steel fins (7), 
secured in the strengthening ring by caulking 
strips (8), run contiguous to the strengthening 
ring of the next outer group of blades and 
minimize the loss due to steam leakage. 

The Rotor. In a radial-flow turbine of the 
Ljungstrém type, the central portion of the 
rotor discs is subjected to a high temperature, 
say, from 550° F. to 650° F., while the outer 
portions are in contact with comparatively cool 
steam at from 75° F. to 100° F., or thereabouts. 
Although heat is conducted from the centre of 
the disc outwards, through the metal, the central 
portion of the disc is usually much hotter than 
the outer portion, and a single disc would be 
subjected to high strains caused by the expan- 
sion and contraction. An example of the con- 
struction used in Ljungstrém turbines is given 
in Fig. 51. It will be observed that the disc is 
divided into three sections, which are attached 
to each other by the ubiquitous expansion ring 
(1). The steam passages in the hub of the 
rotor are seen at (2) and the overload steam 
admission ports at (3). 

Shaft Glands. Reference to Figs. 46 and 48 
will show that the shaft glands must withstand 
the full steam pressure, and, therefore, demand 
special care in design and manufacture. A 
section through a single element of the Ljung- 
strém gland is shown in Fig. 52, the complete 
gland being shown in Fig. 48. The rings for 
each element are turned out of solid steel, and 
are designed to expand freely in all directions 
without distortion. They are mounted on 
feathers (6) and (7). 

The edges of the metal are turned very thin 
and rolled down to an angle of 45°, so that 
when the rings are in position, the bent edges 
make contact with the neighbouring rings. 
Actual initial contact is not harmful and, after 
the first few revolutions of the turbine rotor, a 
very slight clearance is worn. This clearance 
does not tend to increase materially, 

The design is very satisfactory, insomuch that 
it is possible to arrange for about 160 throttlings 
of the steam from the initial pressure down to 
atmospheric pressure in an axial length of some 
3 to 5in. 
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APPLIED MECHANICS 


By Gro. W. Birp, WH. Ex., B.Sc., A.M.I.Mecu.E., A.M.1.E.E. 


LESSON XXV 


MECHANICS OF FLUIDS—FLOW OF WATER 
OVER NOTCHES 


In our explanation of Bernoulli’s theorem and 
its application to the Venturi meter we have 
shown what a very simple and accurate instru- 
ment we possess in this meter for the purpose 
of measuring the rate of flow of fluids. Other 
methods of measuring fluid flow, however, may 
be employed, involving the use of notches or 
weirs. The shape of the notch is usually either 
triangular or rectangular. Mr. Francis, of 
Lowell, who made an extended experimental 


Fic. 159 


study of the flow through a sharp edged 
rectangular notch, deduced the expression 


3; ‘'n 
Q = 3:33 2 bee | 


Where Q = quantity flow through the notch in 
cub. ft. per sec. 

H =still water head over the sill 
measured some distance back 
from the actual sill. 

L = length of notch in ft. 

n == number of end contractions = 0, 
or I, or 2. 


If L is the width of the notch, then it is seen 
that, with sharp edged sides as in Fig. 159, the 
flow may be considered as being made up of, 
(1) the flow through a number of square orifices 
of side H, and (2) the flow through the two (or 
I, Or 0, as may be arranged) end contractions. 
When L is large compared to H the width of 
the end contractions is unaffected by L and is 
found to be simply proportional to H, or, width 
ofend contraction = cH, Now theflow through 


such an orifice is found to be proportional to 


H?, and hence the total flow through the 
central rectangular portion is proportional to 


eee 


L — 2cH 2. 
or, Q,= K (soa) H? . ; . {a 


The flow through the end contractions is 


proportional to ncH 2 


5 
or, a Ke ncH : ee 
The total flow 
Q == Q1 af Qz 
S(t Li 2ohiaekKs 
eon ee 
eheve sla. 
O= Ko 2 E —2c+ K, ne | 
3 ' - 
Q= K,H?[L-(ec- Kyu)H] + (3) 


The various constants involved can be simpli- 
fied and determined experimentally and thus (3) 
may be expressed as : 


Q=sssH?[ 1-5 x]. oe 


EXAMPLE. Determine the flow through a 
sharp edged rectangular notch 4 ft. wide, the 
still water head over the sill being 18 in. There 
are two end contractions. ; 


i 
Q = 3:33 X (15)? [4- ie x +5) ] 
or, Q = 22-63 cub. ft. per sec. 


THOMSON’sS PRINCIPLE OF SIMILARITY 


This may be stated briefly as— 

Assuming a frictionless fluid, then the flows 
through similar orifices similarly situated in 
similar vessels are proportional to 

5 


(the linear dimensions)? . 

Let Fig. 160 represent any two similar vessels 
containing a frictionless fluid, and having 
similar orifices situated as shown ;_ then, if the 
linear dimensions of the large orifice A are 
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m times the corresponding dimensions of the 
small orifice B and, also H = nh (the orifices 
being similarly situated) then we may state— 
Flow through A : flowthrough B :: n?: 1? 
and also, flow through A : flow through B:: 


fH: a/h 


.. flow through A oc n? x Vf 2 times the 


5 
flow through B or, flow through A oc (n)2. 
Thomson’s Principle of Similarity enables us 


to state the, form of the expression for the 
flow through a triangular notch. For any given 
triangular notch (Fig. 161) all cross-sections of 
flow for different heads are of similar eet ular 
form, and hence we tee write 


5 
ies He a, 0 == KHz 


where K is a constant to be determined experi- 
mentally and is usually taken as 2-635 when the 


_ inclination of the sides of the notch to the hori- 


zontal is 45°, that is, the angle of the notch is 
go°. If the angle is other than 90°, the appro- 


priate value of the constant must be used. 


Where the rate of flow is not too great the tri- 
angular notch is better than the rectangular since 
the coefficient remains more nearly constant 
with a varying head. 

EXAMPLE. Determine the flow in gallons per 
minute through a go° notch when the head is 
Q in. "yw 

5 
Q = 2-635 X (0:75)? cub. ft. per sec. 


er, QO = 1-283 cub. ft. per sec. 


Q = 4798 gals. per min. 


FLOW THROUGH PIPES 
The flow of a fluid through a pipe is always 


accompanied with losses, and one of these is © . 


that due to the friction between the particles 
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of the water themselves and also between the 
water and the pipe surface. This loss, which 
is a loss of energy, is usually referred to as the 
loss of head due to friction. Other losses which 
also occur are due to sudden enlargements or 
contractions of section, sudden changes in the 
direction of flow and partial obstructions in the 
line of flow, and each of these may also be stated 
as a loss of head. 


Friction Loss. Prof. Osborne Reynolds has 
shown the existence of a critical velocity of flow 
and determined that, within reason- 
able limits of accuracy, this friction 
loss is directly proportional to the 
velocity of flow, provided that the 
velocity does not exceed a certain 
critical value. When, however, this 
critical value is exceeded turbulence 
is set up and the friction loss is then 
more nearly proportional to the 
square of the velocity. 

An expression for the loss of 
head which occurs, due to fric- 
tion, when ‘water passes through 
a pipe and the pipe is running full, is 

4 flv 
b= oed ’ 
where f = a coefficient which is affected by the 
size and condition of the pipe. 
1 = length of the pipe. 
d = diameter of the pipe 
v = velocity of water through the pipe. 

The value of f for cast-iron pipe of clean sur- 

face has been found to vary from o-or for a pipe 


notch 275% 


of 1 in. diameter to 0-005 for a very large pipe, 
say, 2 ft. or more in diameter. 

ExaMPLeE. Calculate the head lost in fric- 
tion per mile for a clean C.I. pipe, 12 in. in 
diameter, when delivering 400 cub. ft. per 
minute. Assume f = 0:0054. 

To determine v we have 


= ASKD 
400 X 4 
v= boc 8-487 ft. per sec. 
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lv? 
loss of head = h = ee 
j 4 X 00054 X 5280 x (8-487)? 
mes ie NS EVIE Rae 


h = 127-6 ft. = 55:5 lb. persq. in. (approx.). 


Loss oF HEAD DUE TO SUDDEN 
ENLARGEMENTS 
When a pipe is suddenly enlarged a loss of 
head is incurred which is proportional to the 


Fic. 162 


square of the difference of the velocities at the 
two sections 1.1. and 2.2., Fig. 162. Let us 
assume that the pressure over the annular sur- 
face BAA B is the same as that at section 1.1. 
Experiment shows that it isso. The momen- 
tum per second at section I.I. 
ayvyw Xv WU 
ae i a ; ny 


6 


Also, the momentum per second at section 2.2. 
AgVeY XVg Ow, 


= : . @ 

§ § 2) 

Where a, = area of section at Ia. ¢,= 

velocity of flow through section 1.1. 

dy = ATed Ole SCCHON ataee: 2 my i—= 

velocity of flow through section 2.2. 

W = weight per unit volume of water. Q = 
G,U, = ay, 

Now, we have previously shown that, to pro- 
duce this change by momentum, we shall 
require a force action whose magnitude is given 
by 

Force = change of momentum per sec. 


or, 
Qwv, Quwrv, Qw 
g fey 2 
We can now equate the forces which act upon 


the water between the two sections 1.1. and 
2.2., Fig. 162, and we write 


Force = (v1 — V2) 


Ow 
p2t, = es (Vy — U2) + Py (42-4) + pray 
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AyUyW 
or, pea, = Pas (0, — V2) + Pya2— Pia + Py 
Pee Pe ae 
és on = - (Cy — Ug) 
f 
or, pe Ss ia + + (v, —v,) = the pressure head at 
QO oe 
the section 2.2. : ; : : x ea 


If we assume that no loss takes place between 
sections 1.1. and 2.2. we can apply Bernoulli’s 
equation and write 


Py V7 py U9" 


w + 2¢ = w 25 2g lees 
te Py eee 
an ae ad - + (2) 


Whatever loss has taken place due to the 
sudden enlargement will be given by (2) — (1)— 
or, loss of head 


ees vy ve” py UgVy V9" 
(eae 2g" ty ee 
ae 2 
.. loss of head = oe a ae ic. 


Loss oF HEAD DUE To SUDDEN 
CONTRACTION 


This may be regarded as a case of sudden 
enlargement from section 1.1. to section 2.2., 


Fig. 163, the loss due to passing through the 
orifice in the plane BB being negligible, and we 
may now write : 

nS 2, 
vials and since the 


Loss of head = 


coefficient of contraction for a sharp edged 
circular orifice is about 0-6, it is usual to take 
this value, and the loss of head is then 


Vp 2 
Ga a) : ear 
Loss of head = (3 _ (4166602 ~ 2) 


ae 


2g ite 


Free surface| 


and is equal to length of pipe 
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% 2 
or, loss of head = rs 
2g 


(nearly), and as the 


exact value of the coefficient 0-6 is uncertain, 
PA... O-5u 2 
it is usual to take the loss of head as 4 ; 


HYDRAULIC GRADIENT 
Suppose EX, Fig. 164, to represent a long pipe 


which is fitted with vertical tubes at a number 


of points along its length. Also, let there be a 
valve fitted to the pipe at X whereby the flow 
through the pipe can be controlled. At F, the 
entrance to the pipe, there will be a loss due to 


' the sudden contraction, and this loss will be 
_ shown by the water in the first vertical tube, 


fitted to the supply tank, failing to rise to the 


of water 


iE 
Tank of 


supply 
water 
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level of the free surface in the tank by a height 
h,. Again, it will be seen that the level of the 
water in the second tube is below that in the 
first tube by an amount /,, and this distance, 
ha, represents the loss of head due to friction 
experienced by the water over the length /,. 
Similarly we shall find that at each successive 
tube the level of the water is below that in the 
preceding one by an amount which represents 
the loss of head, due to friction in travelling 
through the pipe between the two tubes. If, 
now, we draw a line joining the tops of the water 
columns in each of the vertical tubes, this line 
is termed the /ydraulic gradient and, at any 
point, the angle between the hydraulic gradient 
and the horizontal is termed the virtual slope 


loss of head a 
=f =i. 

For all ordinary cases of water flow through 
pipes 7 is a small quantity. This hydraulic 
gradient line is important and must be borne in 
mind if continuity of supply is to be secured. 
If the pipe at any point rises above the hydraulic 
gradient, the pressure at this point becomes 


Se, 
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less than atmospheric and air is liable to accumu- 
late and interrupt the flow. In practice, it is 
desirable to keep the pipe line below the 
hydraulic gradient. 

ExAmpPLe. A 4 in. diameter pipe is suddenly 
enlarged to 8 in. diameter. The delivery 
through the pipe being 40 cub. ft. per min. 
determine the loss of head due to the sudden 


enlargement. If the direction of flow be 
reversed, calculate the loss of head. 
C= AIX ay 
Sys Q  40X3X3X4 
emt ne A 60 X 7 
24 nena 
=e ft. per sec. through 4 in. pipe, 


6 
and, v, = = ft. per sec. through 8 in. pipe. 


(v, — V9)? ‘ie = =n 


.. loss of head = eat ae) 
= 05097 ft. 
Flow Reversed 
2. 2 
0:5 X< es 
Loss of head = eee = 0°4530 ft. 
ExampPLe. A I5 in. water main having a 


virtual slope of 0-004 conveys water at 4 ft. 


per sec. Determine the value of the coefficient 
f and the friction resistance per foot length of 
pipe. 
_ fh _4fu 
2 IN bed 
: agdh _ BX 32250 15 KA. 
i ane ™~ 4X 16 X I2 X 1000 
or, f = 0:00503. 
Loss of head per foot length of pipe 
esis 
ae A tg 
.. loss of head per foot length 
Mp eat meee: 
= 33 X 1000 Ib. per sq. in. 


and this pressure acts over the area of cross- 
section to overcome the frictional resistance, 
.. frictional resistance per foot length 


ea 4 a> 
~ 2:3 X 1000 zt 4 
= 03073 lb. 


(ConcLusIon) 
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POWER TRANSMISSION BY CHAINS 


By H. M. ANDREW, WuH.ExX. 


LESSON III 


THE THEORY OF CHAIN 
GEARING 


Tue following abbreviations are made use of 


in this section. Assume— 
A = bearing area of a single chain bearing, 
in sq. in. 
B = bearing pressure, in Ib. per sq. in. 
C = centrifugal tension in lb. 
G = gravity constant = 32-2. 
H = horse-power transmitted. 
N = number of teeth in a chain wheel. 
P = pitch of chain, in inches, 
R = revolutions per minute of a wheel. 
S = linear speed of a chain, in ft. per min. 
T = tension in a chain, due to H, in lb. 
W = weight of a chain, in lb. per ft. of 
length. 
Z = the limiting speed, in ft. per min. 
The linear speed of a chain S = oe ft. 
per min. 


Centrifugal Tension. When any transmission 
such as belts, ropes or chain is run at speed 
around wheels a centrifugal tension (C) is set 
up. This acts asa pressure on the chain bearings 

7 S2 


which equals = Ib. 


36008 
The horse-power to be transmitted from wheel 
to wheel sets up an additional load (T) on the 


H X 33,000 
a eee lb. 


The working load on the driving side of a chain 
transmitting power is therefore equal to 
H X 33,000 WS? 

oto Si ss 3600g : 
and the chain must be strong enough to with- 
stand this load, with a sufficient factor of 
safety. 
_ Bearing Pressure. The pressure per square 
inch on the chain bearings due to the above 


load = ey Oe 


driving side of the chain equal to 


b. 


In discussing bearing pressures, etc., A will 


be assumed to have its fully developed catalogue 
value, although, as explained in Lesson II, this 
is often not developed until the chain has been 
in service for a while. The bushes and pins of 
bush roller chains may have slight distortions 
or irregularities that reduce the actual bearing 
until the surfaces have worn together. In the 
case of inverted tooth chain, inequalities in 
pitch of the links forming any particular pitch 
of the chain have also to be equalized by wear 
before all the links are fully bearing. 

In both these cases accuracy of manufacture 
is a decided ‘advantage but, as the cost of 
making an initially perfect chain would be 
prohibitive, some slight final bedding down 
always occurs in service. As the early bearing 
pressures are umndeterminable, the assumed 
bearing pressure is always taken as that which 
would occur on a fully bedded-in bearing. 

The full bearing pressure comes on all the 
bearing pins on the driving side of the chain, 
but, in a smooth drive, only those pins entering 
or leaving chain wheels are subject to any wear 
by rotation in their bearings. Flapping or 
vibration of the chain, of course, causes addi- 
tional wearing points. When a bearing pin 
enters the wheel teeth and moves round with 
the wheel, the pressure on this pin is gradually 
reduced until it comes to a point on the wheel 
where no bearing pressure exists. The position 
of this minimum pressure point varies with the 
horse-power and speed of the chain. 

First quality bush roller chains, with good 
lubrication, can carry a bearing pressure as 
high as 4,000 to 4,500 Ib. per sq.in.. The 
design of inverted tooth chain does not admit 
of more than, say, 3,000 to 3,500 Ib. per sq. in. 
being practicably employed. Driving chain 
makers regard 2,000 lb. per sq. in. as about the 
desirable maximum that will secure a reasonable 
chain life for the average industrial drive. 

Pressure on Wheel Teeth. The chain load is 
carried by several teeth in the wheel. The 
thrust on any particular tooth is the difference 
between the load on the bearing pins that are 
on either side of it. A wheel with a large num- 
ber of teeth distributes the load over a greater 
number of teeth, of course, than a wheel with a 
smaller number of teeth. 


POWER TRANSMISSION BY CHAINS 


Apart from friction, the thrust is normal to 
the surface of the tooth face. . 

Polygonal Effect. The impact between chain 
and wheel caused by polygonal action was 
described in Lesson I. The loss of energy due 
to this impact is negligible, and has no appreci- 
able effect on the mechanical efficiency of the 
drive. The amount of noise created, however, 
varies in an inverse ratio to the number of teeth 
in the chain wheel and, consequently, wheels 
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lowest point O, the pull in pounds at point O 
Wy? 
=e where Y and G are both in feet. 
2 


Ww 
And the pull at points P would = —g-— 


16G? 
BS ol yee 


In the majority of cases, however, the slack 
side may be regarded as a catenary curve, 


5000 


S 


Speed, Feet per Minute 
ise} ® 
Ss S 
S S 
S =) 


1000 


6) 700 


200 
Pounds, Load on Chain 


300 400 


Fic. 13. CHAIN PERFORMANCE CURVES 


with a large number of teeth are much quieter 
than wheels with few teeth. 

Flapping of the chain due to any cyclic 
irregularity, of course, increases the impact and 
noise enormously, and should therefore be pre- 
vented as far as possible by close adjustment 
or the use of jockey wheels. 

Catenary Pull. The natural catenary sag of 
a chain between the chain wheels is somewhat 
interfered with by the driving tension T on the 
tight side. The catenary pull is, therefore, best 

calculated from the slack side and regarded as 
an additional load on the chain bearings. Its 
“effect is negligible except in the case of long 
horizontal drives using large pitch (and there- 
fore heavy) chain, or in cases where both sides 
of the chain are drawn taut. 

A nearly horizontal chain assumes a para- 
_ bolic shape, and we may assume it to be carried 
at wheel points P and Px, whose horizontal 
distance apart is Y. Then, with a sag G at the 


when the catenary pull at the lowest point 
WY? 
ree as 


y2 
Ww (< : 5G) 

In the case of an inclined drive, divide the 
span into two parts at the lowest point of the 
sag, and calculate for each section separately, 
doubling the horizontal length of each section 
to obtain Y. 

Chain Performance Curves. For any type of 
driving chain of given pitch and weight per 
foot, a series of curves can be drawn to repre- 
sent graphically the load and linear speed at 
which various horse-powers can be transmitted 
by this particular chain. 

A sample curve of this type is illustrated in 
Fig. 13 where the horizontal abscissae OX 
represent the total load pull 7 + C in pounds 
on the chain, while the vertical ordinates OY 


and the maximum pull, at P= 
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equal the linear chain speed S in feet per 
minute. The curve ABC is representing the 
value of T for a particular horse-power at the 
various speeds, and the parabolic curve OBD 
represents the increasing centrifugal tension C 
due to the weight of this particular chain, as 
the linear speed increases. 

Curve AEF is the performance curve for 
this chain in delivering the particular horse- 
power in question, and is formed by adding the 
horizontal values of the curves ABC and 
OBD together. 

The horse-power under consideration can be 
obtained from this chain by running it under 
the conditions obtaining at any of the points 
in the curve AEF, either at low speed with a 
heavy load on the chain bearings, or at medium 
speed with a light load or at high speed with a 
heavy load due to centrifugal tension. 

It is obvious that the minimum load on the 
chain bearings in delivering this particular 
power would occur at the speed corresponding 
to point F, and this speed is referred to as the 
limiting speed Z. Speed Z in feet per minute 


3 


= 1240 7 and at this speed the centrifugal 


Ww 

tension C is exactly half the value of the load 
tension T. In making use of such a curve it 
must be kept in mind that the allowable 
bearing pressure in pounds per square inch 
permitted by the chain maker must not be 
exceeded and the effect of increased speed on 
the noise created must also not be over- 
looked. 

It is never advisable to work the chain at any 
point on the curve AEF above the limiting 
speed point £, as this causes wasteful wear by 
centrifugal tension, without any compensating 
work done to show for it. The best point to 
deliver this particular horse-power with such a 
chain is at about one-half to three-quarters of 
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the limiting speed, where noise is minimized and — 


mechanical efficiency is at a maximum. ; 
The Special Case of Rocker Joint Chains. 
The rocker joint type of chain has, of course, 


no “ bearing area” in the usual sense, and for 


a given load the pressure between the rocker 
and its seat pin is governed by different con- 
siderations to those which limit the pressures 


employed in the case of cylindrical pin bearings. — 


A theoretically perfect knife edge bearing 
would have no friction, and crushing would 
tend to occur rather than wear. 
turing difficulties of this design obviously con- 
sist in the endeavour to produce pure rocking 
with a minimum of sliding of the rocker across 
its seat pin, and a great many improvements 


The manufac- ~ 


have been incorporated from time to time to — 


secure this end. Apart from the nature of its 
bearing load, this type of chain is, however, 
governed by the same considerations that 
apply to the pin bearing type of chains, and its 
performance curve can be limited in a similar 
way by the maximum permissible pressure 
allowed in the bearing. 

Fatigue in Chain Drive. The valuable data 
that has been obtained from time to time by 
scientific investigators on the subject of fatigue 
of materials is of particular importance in the 
case of power transmissions, which are natur- 
ally subject to a variety of intermittent stresses 
from one cause or another. A power trans- 
mission offers such a complex problem from this 
aspect that it is impossible in the present state 
of knowledge on this subject to do other than 
simply cover against this aspect in the factor 
of safety employed in the drive. 

At present it seems inadvisable to use a factor 
of safety of less than ro in the case of bush 
roller chain and, say, 15 in the case of inverted 
tooth chain, and where shock load is obviously 
present these factors should, when possible, be 
increased by 50 to 100 per cent. 
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LESSON VII 


Columns and Struts. It sometimes happens, 
as in the case of stanchions carrying light 
roofs subject to heavy wind loads, that the 
bending stresses are greater than the axiel 
stresses, that is the stanchion is more a beam 
than a strut. 

In such cases it is unreasonable to use the 
low stresses permitted for the member con- 
sidered as a strut, and the method suggested 


rr ee 


ree 


vat 
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in the 1921 Belgian standard specification seems 
reasonable. : 

By this specification, columns are calculated 
for the allowable maximum stress permitted in 
beams, for reduced areas, i.e. the actual column 
areas reduced in the proportion of the buckling 
stress to the ultimate breaking stress on which 
the allowable maximum stress is based. For 
combined direct compression and bending, the 
stresses are calculated independently, and when 
added must not exceed the allowable maxi- 
mum. This is equivalent to the following 
treatment— 


If fa = actual bending stress allowable in a 
column. 
pa = actual axial stress allowable in the 
column at the same time. 
f =allowable bending stress in a beam. 
~ =allowable axial stress in the column 
with no bending. 


sat 


Sexe 
Jc ae ae 
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If applied to the example at the end of the 
last article, f= 73, p = 4:02, fa = 1-46, pa = 
6-04 X 4:02 + 74 = 3:24 instead of 2°59, i.e. 
the central load could be 624 tons instead of 
50 tons, or with pa = 2°59, fa = 74 (I-64) = 
2-71 instead of 1-46, ie. a bending moment of 
167 in, tons instead of go in. tons could be 
sustained. 

Unfortunately, in addition to the uncertainty 
as to suitable column stresses, there is no such 
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direct method for,calculating columns as there 
is for beams, and suitable sections can be 
selected only by the method of trial and error 
guided by experience. 

In Fig. 34 are shown in section a few of the 
many possible types of compression members 
other than plain joists or broad flange beams. 

The dotted lines signify either lattice or 
isolated plate connections between the main 
members. 

Solid round columns are not economical, but 
are used where minimum dimensions are essen- 
tial. Angles and tees are largely used in roof 
trusses. Pairs of channels are often employed 
for large truss rafters which have to act as 
beams as well. 

In a built-up compression member, it is 
important to ensure that the component parts 
are at least as strong as the member as a whole. 
For instance, plates riveted to the flanges of a 
built-up stanchion must be held by rivets at 
sufficiently close a pitch to enable them to act 
as independent struts with ends fixed, capable 
of carrying and with the same factor of safety 
the maximum stress coming on the stanchion 
flange as a whole. 

From the strut formulae given in B.E.S.A., 
No. 153, the maximum Jength of a strut for the 
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maximum allowable stress is 454k if the ends 
are fixed and 30k if pin connected. 
The radius of gyration (k) of a plate of thick- 


ness ¢ is ¢/\/12, so that a plate riveted to the 


flange should be as strong as the flange if the 
length between rivets is 454 x ¢/1/12 = 136. 
In a compression member held at one or more 
points along its length it may be possible for 
bending to take place in a wavy line, so that 
the lengths between two adjacent points of 
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restraint must be regarded as pin connected. 
This may be the case in a roof rafter, or top 
boom of a girder, where, in the plane of the 
truss, the rafter or boom may be considered as 


fixed at the ends, but for resisting buckling in 
a direction at right angles to this plane pin 
connections must be assumed. 

Compression members of large gyration 
radius can be formed by fastening together 
two joists or channels or four angles by 
means of lattice bars made of flats or 
angles. 

Tests made by Professor H. F. Moore, of 
Ulinojs University, to determine the efficiency 
of such bracing in making the two connected 
members act as one, demonstrated that cross 
bracing at 45° (Fig. 35(a) )is more efficient 
than single bracing at 60° with the axis (Fig. 
35(0) ), which, in turn, is more efficient than 
batten plates (Fig. 35(c) ), and single bracing 
in which there is not proper triangulation 
(Fig. 35(d) ). In the experiments, stresses 
were developed in the lattice bars which 
would have been produced by a transverse 
shear 1 to 3 per cent of the applied axial 
load, but it seems imipossible to predict the 
probable stress in them. It is usual to make 
them of flats of a width about three times 
the rivet diameter, and of a thickness about 
one-fortieth of their length for single lacing, 
or one-sixtieth for double lacing where they 
are riveted at their intersection. 

It is not advisable to adopt a system such 
as that illustrated in Fig. 35(e), which is itself 
capable of transmitting stress independently 
of the connected members as the rivets 
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may be stressed to a much greater extent than 
intended. : 

Joints in compression members are usually 
If the butting ends 


made with splice plates. 
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floors as indicated in Fig. 36.1 It is advisable 
to ensure that such splices are able to resist as 
much bending moment due to eccentricity and 
(or) wind as is assumed to be resisted by the 
column below the floor. 

The allowable pressure on the sub- 
soi] depends on the nature of the 
latter. Fifteen tons or more per sq. 
ft. may be permitted on a rock 
foundation. It is common practice 
to allow 4 tons per sq. ft. on compact 
gravel, London clay, or chalk and 
less pressures for ordinary clay. To 
provide a sufficient area under a 
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stanchion, the latter is usually placed 
on a thick block of concrete. When 
a large area is required it may be 
necessary to provide a reinforced 
concrete footing, or to place the 
stanchion on two or more tiers of 
joists surrounded by concrete form- 
ing a grillage foundation. To spread 
the column load on the concrete a 
stiff base plate of sufficient area is 
fixed to the bottom of the column 
by meanz of gusset plates and angles, 
such as are illustrated in Fig. 37. 
The L.C.C. regulations require that 
the total load must be taken through 
the rivets connecting the column 


are machined, and care is taken to ensure that 
they are in contact, it is often not necessary, as 
is the case with tension members, for the splice 
plates to have the same area as the member, 
and for the rivets on each side of the joint to be 
capable of transmitting the whole of the load. 
In building construction it is now common 
practice to splice the columns just above the 


shaft to the base, but in the case of 
a grillage foundation, where the 
shaft stands on the top tier of joists, 
only a portion of the load depending 
on circumstances need be taken 
through the rivets. Each tier of 
grillage joists is designed as a double 
cantilever, the total bending moment 
resisted in each tier being usually taken as the 
product of the total load carried, and one- 
fourth of the length of the projecting portion. 

The last lesson will be a brief discussion on 
roof trusses. 

1 Figs. 36 and 37 are taken from The Handbook for 


Constructional Engineers, issued by Messrs. Dorman 
Long & Co., Ltd. 
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By Percy C. R. Kinescott, D.I.C., A.R.C.Sc., F.1.C., B.Sc. (Lonp.) 


LESSON XII 
FURNACE BURDENING 


THE burdening of a furnace is the determination 
of the proportions of ore, limestone, and coke in 
order to produce the required kind or grade of 
pig-iron, at the same time ensuring the success- 
ful working of the process. It is necessary to 
know the physical and chemical characteristics 
of the materials available and, also, to consider 
the manner in which the principal elements 
associated with the iron can be regulated, for 
their percentage content determines the class 
of pig, viz., foundry, basic, low phosphoric, 
forge, high silicon, Bessemer, and other varieties. 


These elements are silicon, sulphur, phosphorus, . 


manganese, and carbon. 

Control of Silicon. The percentage of silicon 
entering the iron depends upon the temperature 
of the hearth and the analysis of the slag. The 
hearth temperature is raised by increasing the 
blast temperature, or by lowering the ratio of 
ores to fuel. A limey slag has a strong affinity 
for silica, and will remove it before it can be 
reduced to silicon. Conversely, with the same 
temperature, a slag containing less basic material 
will allow silicon to enter the pig. 

Lime tends to increase the temperature of the 
slag, as such additions render the slag more 
infusible, and thereby increases the tempera- 
ture of the pig-iron. Thus, there are actual 
conditions when increasing the lime above a 
certain percentage may increase silicon in the 
pig, the chemical effects being masked by the 
influence of the temperature. Alumina, by 
rendering the slag more infusible, also increases 
the temperature, and this compound is desir- 
able on that account where silicon is required, 
for example, in foundry irons. 

Low silicon iron for basic steel manufacture 
is made by increasing the weight of the burden 
in the presence of a basic slag; by a heavy 
burden combined with high blast temperature 
and a less limey slag, or by a lighter burden, a 
limey slag, and moderate blast temperature, all 
these methods necessarily being compatible 
with efficient desulphurization. It is found 
that magnesia replacing lime has a_ beneficial 
effect upon basic iron slags, in that respect being 


the converse of the effect of alumina. Generally, 
an increase in silicon accompanies a decrease in 
sulphur and vice versa. 

Control of Sulphur. Charcoal furnaces are 
generally free from trouble, due to this element, — 
which indirectly produces many of the diffi- 
culties associated with coke practice. As has 
been stated, coke contains varying quantities 
of sulphur and, as pig-iron consumers usually 
set a maximum content of about -06 per cent, 
it is evident that the slag must remove the 
majority of this element. There are several 
methods of achieving this result: increase in 
temperature, increase in volume of slag, 
increase in lime content, increase in mangan- 
ese, and increase in the fluidity of the slag. 

Economical practice is ensured by using a 
fluid and not too basic slag containing some 
manganese. Irons which must contain silicon 
can use less fluid slags, and obtain desulphuriza- 
tion by means of high temperature. Increasing 
the basicity, temperature, and volume of the 
slag naturally sacrifice full economy. ’ 

Generally, an increase in sulphur denotes a 
cold hearth due to water tronble, or a slag 
deficient in basic material. _ 

Control of Phosphorus. Unless the furnace be 
deranged, all the phosphorus enters the pig-iron. 
Thus, when making low phosphorus pig it is 
extremely difficult sometimes to select the ingre- 
dients of the burden, which, working together, 
willproduce the requiredspecification. Naturally, 
such iron commands a premium in price. 

Control of Manganese. As with silicon and 
sulphur, the manganese entering pig varies with 
the slag composition and its temperature, and 
it is impossible to secure its entire elimination 
in a normal furnace, or to reduce more than a 
certain percentage of the total present. Man- 
ganese is more active chemically than iron, and 
tends to form manganese silicate in the slag. It 
has a higher heat of reduction than iron and 
requires a higher temperature for that action. 
Hence, in order to reduce the largest amount, 
the slag must be limey in order to prevent the 
formation of manganese silicate, and of a high 
temperature, the latter being generally achieved 
with a light burden. On the other hand, a 
siliceous slag and cool hearth tend to lower 
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_ the manganese content of the iron. Such slags 
have a cutting effect upon the brickwork of the 
hearth, owing to the manganese in the slag 

attacking the silica of the brick. At the same 
time, partially reduced material may descend 
into the hearth, and the resultant slag contain- 
ing a large quantity of ferrous silicate, has a 
marked scouring effect upon the hearth walls. 

_ ControlofCarbon. The analysis of the burden 
has no effect upon the quantity of carbon 
entering pig-iron, although conditions of high 
temperature, associated with a large amount of 
carbon in the hearth, will produce a greater 
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Pig Fractures. Pig used for steel making is 
chosen on account of its analysis, the physical 
appearance being a secondary matter. With 
foundry irons, however, the appearance of the 
fractured surface is considered important, 
particularly in England. The appearance bears 
a relationship to the analysis although, as was 
mentioned in the previous paragraph, this is 
not always correct. Generally, a grey fracture 
denotes the presence of silicon and a close white 
grain that of sulphur. 

The rate of cooling has a profound influence 
upon the appearance of the fracture, slow 
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percentage of carbon in the pig. The total 
carbon in pig is fairly constant, and ranges from 
about 3 to 4 per cent, whether the iron be grey 
or white in fracture. This carbon exists in two 
forms, as free graphite and as combined carbon, 
the colour of the pig being due to the presence 
or absence of the former. Combined carbon is 
low in foundry iron and high in white basic irons. 

Irons low in total carbon are made in furnaces 
working with low blast temperatures, large slag 
volumes, and fusible slags. 

_ Silicon and phosphorus have an excluding 
effect upon carbon ; on the other hand, man- 
ganese has an attraction for it. 

Silicon tends to produce graphitic carbon at 
the expense of the combined carbon, as exempli- 
fied in grey foundry irons, which have a dark 
and coarse grain. It is interesting to note, 
however, that a hot calcareous slag will produce 
an iron with a grain far more open in appearance 
than would be expected from its silicon content. 


cooling favouring large grain. For this reason, 
foundry irons are made on sand pig beds, and 
allowed to cool without the use of water sprays. 
On the other hand, foundry iron is made success- 
fully in America in chills or casting machines. 

Pig high in silicon has a glazed appearance 
when fractured and, at the same time, the tops 
of the pigs are generally rounded. High sulphur 
is denoted by a surface with a worm-eaten 
appearance and an otherwise “ dirty” skin, 
The presence of manganese gives a crystalline 
appearance to the fracture and known sometimes 
as a spiegel fracture. 

Fig. 35 shows, left to right, (x) foundry, (2) 
foundry, (3) foundry, and (4) forge fractures. 

Fig. 36 shows, left to right, fine grey, mottled, 
white (basic quality), and spiegel white. 


SLAGS 


Our knowledge of slag is largely empirical, 
but we know that, far from being an undesirable 
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nuisance in the extraction of iron, it accommo- 
dates all those non-volatile substances not 
required in the pig. Slags are calculated to 
produce certain results which have been sug- 
gested by experience, and not according to 
chemical formulae. 

Blast furnace slags consist essentially of 
calcium silicate where either radicle is partially 
replaced by other radicles. Substances, such as 
lime, magnesia, alumina, and the alkalis enter 
the slag exclusively, as they are not reduced in 
the furnace. The lime of the slag is usually 
partly replaced by magnesia, small quantities 
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limey a slag as to “‘ gob”’ the furnace. In this 
connection, it is safe to calculate the basicity of 
the slag as the ratio of bases to silica, as this 
ratio appears to be fairly constant in varying 
practice. Alumina increases the free running 
temperature of the slag without increasing its 
basicity and, for this reason, as stated before, 
is a suitable component of a slag when making 
foundry irons. 

High alumina and magnesia together produce 
an extremely viscous and refractory slag. 

A suitable furnace slag is perfectly fluid at 
the normal temperature of the furnace, so that 


Fic. 36 


of manganese oxide, alkalis, and iron oxide. 
The acid radicle is associated with alumina 
and sulphur, the latter in the form of calcium 
sulphide. Thus, at the outset, the quantity of 
lime, magnesia, alumina, and the major portion 
of the silica can be calculated from the mixture 
of ingredients, as these constituents, with the 
exception of alumina, are of definite chemical 
character. Alumina has been the cause of 
much argument as to whether it acts in an 
acid, neutral or basic capacity. Johnson 
states that, in all probability, alumina acts 
as a perfectly neutral substance being a dilu- 
ent affecting the viscosity to some extent, but 
with a given ratio of lime to silica,"not affect- 
ing the chemical nature of the slag. This 
theory has many adherents. It is clear that, 
without a knowledge of local practice, it is 
possible to treat alumina as an acid, and, giving 
the usual ratio of lime to acid, to produce so 


it can be drained easily from the furnace. Such 
slags, hot, fluid, and grey, flow rapidly without 
bubbling or frothing: 

The presence of alumina in basic iron slags 
is considered detrimental if in the range of about 
18 to 22 per cent. Slags with the latter content 
of alumina do not permit of desulphurization 
and the simultaneons production of low silicon 
iron. H. E. Wright considers that alumina in 
slag acts as the outward sign of increased gangue, 
and is blamed for the effects of this increase, 
notably in Northampton and Cleveland practice. 
Keenan has stated that furnaces run smoothly 
with slags containing over 20 per cent of 
alumina. McCaffery has shown that there are 
17 compounds of silica, alumina, lime and 
magnesia that enter into the composition of 
slags, in addition to the simple constituents 
themselves. He states that, whereas furnace 
authorities usually add the chemical equivalent 
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in lime of the magnesia present to the lime, this 
is wrong practice as the magnesia minerals 
present in the slag are quite different from the 
non-magnesia substances. He also shows why 
a comparatively small change in the ultimate 
composition of the slag gives operating results 
which vary greatly. The physical properties of 
the components determine the physical proper- 
ties of the slag, and a slight variation in the 
percentage of one or more constituent minerals 
will change the operating results of the furnace. 
In other words, it is the variation in the pro- 
portions of the compounds of the four pri- 
mary constituents and not the amount of any 
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individual one present which changes the slag 


properties: 
Most slags fall within the following limits— 
SiO, Al,O, CaO MgO FeO S 
25-50 §-25 20-50 Tr—25 Tr.—2 Tr.-2 percent 


It will be noticed that iron is lost in the slag 
as oxide, but other losses may occur as fine 
shots of metallic iron suspended in the slag. 
This latter can be recovered by treating the 
crushed slag in a magnetic separator, but the 
loss as oxide is final, this occurring chiefly in 
dark coloured lean slags. Slags from furnaces 
in trouble can contain as much as 8 per cent of 
iron as ferrous silicate. 
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LESSON VIII 


STEAM-ENGINE AND STEAM 
TURBINE TESTS 


THE observations to be recorded in a steam- 
_ engine or turbine test depend mainly upon the 
purpose of the test. Very rarely is a recipro- 
cating steam-engine tested merely to determine 
the mechanical efficiency, but if this efficiency 
were to be obtained, indicator diagrams would 
be taken from each end of each cylinder at 
definite intervals of time. Unless the engine 
were driving an electrical generator some form 
of brake would be necessary to load the engine 
and to determine the brake horse-power, or in 
marine engines on board ship a suitable torsion 
meter might be used to measure the shaft horse- 
power transmitted. The mechanical efficiency 
of a steam turbine cannot be measured directly 
as there are no means available for measuring 
the actual work done by the steam on the tur- 
bine blades. Thus, the shaft horse-power is 
the only direct measure of power which can be 
obtained from the turbine. If the turbine 
drives an electrical generator the shaft horse- 
power can be deduced from the electrical power 


generated divided by the efficiency of the 
generator at the tested load. Otherwise, a 
brake would be required or, on board ship, a 
torsion meter. 

Measurement of Steam Consumption. Unless 
it is a case only of showing that the engine or 
turbine is capable of giving the guaranteed 
power, the tests are usually made to determine 
the steam consumption and thermal efficiency 
under stated conditions. The steam consump- 
tion is best measured by condensing the exhaust 
steam in a surface condenser, and measuring or 
weighing the discharge from the condensate 
pump. Allowances might be necessary for 
water or steam drained or bled from intermedi- 
ate stages or jackets, or for leakage of condensate 
at the condensate pump. [If steam from 
auxiliaries and the like entered the main con- 
denser this should be allowed for, as well as 
leakages of sealing water, if used, into the con- 
densate pump. It is also possible for dry air 
pumps to carry away an appreciable amount of 
vapour and small drops of condensate along with 
the air. 

The tubes of surface condensers sometimes 
allow circulating water to leak to the steam side, 
and it is generally advisable to test for such 
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leakage. The usual method is to keep the 
circulating pumps, air, and condensate pumps 
running after the engine or turbine has closed 
down. If the condensate discharge practically 
ceases within, say, twenty minutes or so after 
closing down, this is usually taken as an indica- 
tion of tight condenser tubes. For this test it is 
usually best to close the main exhaust sluice 
valve, if such a valve is available. 

The most accurate method of measuring the 
condensate is to discharge it into a tank on a 
weighing machine. For tests of Jong duration 
two similar tanks on weighing machines may 
be necessary and used alternately. Another 
arrangement is to use measuring tanks similar 
to those referred to in Fig. 38 (Lesson VII). In 
power stations, it is a common practice to have 
continuous records of the condensate discharge 
by using, say, a Lea Recorder or a Kent Venturi 
meter. The steam consumption per indicated 
horse-power hour (reciprocating engines) or per 
brake horse-power hour is obtained by dividing 
the total steam consumption per hour by the 
respective power values. If the engine drives 
an electrical generator the steam consumption 
per kilowatt hour is similarly determined. When 
tests are made for purposes of guarantee the 
conditions of the steam pressure, superheat, 
vacuum, load, etc., are usually specified. Under 
actual test these conditions may not be exactly 
fulfilled, and agreed upon allowances have to be 
made to correct the results to the standard or 
specified conditions. 

Thermal Efficiency. The thermal efficiency 
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of a steam-engine or turbine refers to the ratio 
between the amount cof heat equivalent to the 
work done and the heat contents in the steam 
at the stop valve, reckoned from water at the 
temperature—pressure conditions existing at 
the exhaust. This may be based on the work 
done at the engine pistons in reciprocating 
engines, or on the work delivered at the shaft, or 
on the electrical energy delivered at the genera- 
tor. The heat equivalent of the work done at 
the engine pistons isi.h.p. x 2,546 B.Th.U.’s per 
hour, and at the shaft b.h.p. x 2546 B.Th.U.’s 
per hour. The heat equivalent of the delivered 
electrical energy is kw. x 3,412 B.Th.U.’s per 
hour. The heat contents of the steam in B.Th.U.’s 
per hour is the weight of steam used in pounds per 
hour multiplied by the heat contents per pound 
at the engine stop valve as given by Callendar’s 
steam tables, less the amount of heat in water 
at the saturation temperature of the exhaust 
steam, both reckonedin B.Th.U.’s_ If steam is 
bled from the engine or turbine at intermediate 
stages, due allowance has to be made for the 
heat contents of this steam leaving the engine 
or turbine. ‘Similarly, if steam or heat is sup- 
plied at intermediate stages, or to steam jackets, 
an allowance is necessary. 


The ratio of the actual thermal efficiency to « 


the theoretical efficiency of the Rankine cycle 
operating between the same conditions of 
steam pressures and temperatures is com- 
monly termed the “efficiency ratio.” Some 
prefer to term this ratio the “ thermodynamic 
efficiency.” 
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(See Article on ‘‘ Steam Boilers,” page 1454) 
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By ProFessor G..E. ScHOLES, M.B.E., M.Sc., M.I.A.E., M.I.Mecu.E. 


PAR Le. 
INTRODUCTION 


Many substances when exposed to oxygen 
combine with it and produce oxides. This 
combination, as a rule, is accompanied by the 
liberation of heat, and if the conditions are 
favourable it takes place rapidly. Under such 
circumstances the sub- 
stance is said to burn, 
and the heat liberated 
is such that the tem- 
perature attained by 
the burning substance 
is very high. Such heat 
may be used for com- 
mercial or other pro- 
cesses. 

Rapid oxidation is 
known as combustion, 
and in extreme cases 
results in an explosion 
which is a very rapid 
combustion. ike 
natural fuels, wood, 
coal, oil, and gas, all 
contain to a greater or 
less extent the ele- 
ments carbon and 
hydrogen in addition 
to other constituents. 
These two elements 
are responsible for 
practically all the 
heating value of the 
various fuels which are 
used, since they are 
capable, under suitable 
conditions, of being oxidized very rapidly and, 
in so doing, liberate large quantities of heat. 
Further, they unite with each other to form 
compounds known as hydrocarbons in a great 
variety of combinations, and these hydrocarbons 
form a very useful proportion of our fuel 
supplies. 

Carbon itself is not easily ignited under 
ordinary conditions, nor is it easy to burn 
rapidly. Hydrocarbons, as a rule, ignite easily, 
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ProFessor G. E. ScHo.tes, M.B.E., M.Sc., 
M.I1.A.E., M.I.Mrcu.E. 


Harrison Professor of Mechanical Engineering, 
Liverpool University 


and in a fuel containing carbon and hydro- 
carbon such as coal, the amount of hydrocarbon 
present decides the difficulty or otherwise of 
igniting the coal, and enables the fixed carbon 
in the coal to be satisfactorily burned. 

In coal the hydrogen present is combined 
with some of the carbon, the remainder of 
the carbon being in its elementary form and 
known as fixed carbon. 
In liquid fuels the car- 
bon and hydrogen both 
exist as hydrocarbons, 
several combinations 
being present. Petrol 
and paraffin are hydro- 
carbon fuels, but each 
contain fractions of 
several hydrocarbons 
and they are, there- 
fore, not single sub- 
stances. In gaseous 
fuels the hydrogen may 
exist as an element or 
in combination with 
carbon as a gaseous 
hydrocarbon. The car- 
bon exists only in com- 
bination with the 
hydrogen as a gaseous 
hydrocarbon, or as car- 
bon monoxide, which is 
a gas produced by 
the partial oxidation of 
carbon. 

Heat of Formation of 
a Compound. When two 
elements unite to form 
a definite compound, 
they do so in fixed proportions which cannot be 
varied so long as the same compound is formed. 
The combination may result in the liberation 
or absorption of heat, and the amount of heat 
thus liberated is known as the heat of forma- 
tion of that quantity of the particular compound 
formed. In order to standardize the results 
the heat of formation is given with respect 
to a weight of the substance formed equal to 
the molecular weight in pounds or grammes, 
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according to the unit of mass used. For 
example, when 12 lb. of carbon burn to carbon 
dioxide, the weight of carbon dioxide formed 
is 44 lb., and the heat liberated is 97,300 C.H.U. 
The heat of formation of carbon dioxide is thus 
said to be 97,300 C.H.U. If the unit of mass 
taken had been I grm. instead of 1 lb., the heat 
of formation would have been 97,300 calories. 
It is evident from this statement that if 44 lb. 
of carbon dioxide had to be decomposed into 
the elements of carbon and oxygen it would 
be necessary to supply 97,300 C.H.U. during the 
decomposition process, since this amount of 
heat had been liberated when the substance 
was formed. 

When carbon and hydrogen unite to form a 
hydrocarbon, heat is liberated as a rule, but not 
invariably. In the formation of methane 
(CH,), 21,700 C.H.U. are liberated for every 
16 lb. of methane formed, whilst in the case of 
acetylene (C,H,), 47,800 C.H.U. are absorbed 
for every 261b. of acetylene formed. The 
decomposition of 16 lb. of methane into carbon 
and hydrogen would thus require the supply of 
21,700 C.H.U., whilst the decomposition of 
26 lb. of acetylene would be accompanied by 
the liberation of 47,800 C.H.U. 

Calorific Values of Fuels. Since the heat of 
formation of carbon dioxide is 97,300 C.H.U., 
and 12 1b. of carbon are burned to dioxide to 
liberate this quantity of heat, it is evident that 
each pound of carbon burning to carbon dioxide 
liberates 22230" = 8,108 CHOU. the heat 
liberated during the combustion of 1 Ib. of fuel 
is termed the calorific value of the fuel, and 
hence the calorific value of carbon burning 
to carbon dioxide is 8,108 C.H.U. Similarly, 
the higher calorific value of hydrogen is 
34,200 C.H.U., and the lower calorific value 
29,050 C.H.U. The meaning of the two values 
will be discussed later. 

Calculations of Theoretical Calorific Value of 
aFuel. Ifthe analysis of a fuel be known, then 
from the amounts of carbon and hydrogen 
present per pound of fuel, and a knowledge of 
their calorific values, it is possible to calculate 
the theoretical calorific value of the fuel. To 
illustrate this, consider the theoretical calorific 
value of fuel oil. An average fuel oil will con- 
tain approximately 84 per cent of carbon and 
12 per cent of hydrogen by weight, the remain- 
ing 4 per cent being sulphur, oxygen, nitrogen, 
and ash. Neglecting the heating value of the 
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sulphur, which is relatively very small, the theo- 
retical calorific value of the oil will be that due to 
the quantities of carbon and hydrogen in it. 

Hence— 

Heat liberated by the combustion of 

0-84 lb. of carbon 
= 0°84 X 8 ros = 6/610 C.F Ue 
Heat liberated by the combustion of 
o-12 1b. of hydrogen 
= 0:12 X 34,200 = 
., Calorific value of 1 lb. of fuel oil 
== 10,910 ey 

This calorific value of 10,910 C.H.U. is appreci- 
ably in excess of the true calorific value for the 
following reason. If the carbon and hydrogen 
existed as elements in the fuel, then the theoreti- 
cal calorific value would be the true value. They 
exist, however, as hydrocarbons in the fuel, and 
before they can liberate the heat indicated in 
the calculation these hydrocarbons must be 
decomposed into their elements. This decom- 
position necessitates the absorption of a certain 
amount of heat which was liberated on the 
formation of the compounds, and hence the 
true calorific value is less than that calculated 
by the amount of heat required to decompose 
the hydrocarbons in the fuel. Actually, with 
a fuel oil, the true calorific value is about 5 per 
cent less than the theoretical calorific value. 

In practically all classes of solid and liquid 
fuels the necessity for decomposing one or other 
compound fuel element is present, and conse- 
quently the calorific value of such fuels calcu- 
lated from the chemical analysis is erroneous, 
and this method cannot be used even where the 
analysis is known. 

Various empirical formulae have been sug- 
gested for calculating the calorific value from 
a knowledge of the chemical analysis of specific 
fuels, but from what has been said it is evident ~ 
that the results can only be very approximately 
correct. With gaseous fuels, where the fuel 
elements consist of hydrogen, carbon monoxide, 
and methane, it is possible to calculate the 
calorific value of the gas accurately, but if the 
gas contains some hydrocarbons whose chemical 
composition is not determined: the method is 
not satisfactory. 

Higher and Lower Calorific Value. When 
hydrogen or any fuel containing hydrogen is 
completely burned, some steam or water vapour 
is formed, and forms part of the products of 
combustion. So long as the temperature of 
the products is high enough this water vapour 
does not condense, since it is superheated, and 
the heat given out as the products cool is 
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sensible heat only. As the cooling proceeds, how- 
ever, a temperature is reached, called the dew 
point, where the water vapour present is dry 
and saturated, and further cooling results in 
progressive condensation. of the water vapour, 
there being a definite amount of water vapour 
present uncondensed for any specific tempera- 
ture, lower than the dew point. This con- 
densation liberates latent heat and, in addition, 
the water of condensation in cooling gives up 
. sensible heat. The sum of these two effects 
exceeds appreciably the amount of heat that 
would have been given up if the water vapour 
had remained as vapour during the cooling. 
In order to absorb all the heat given to the 
products by the combustion of any fuel, it is 
necessary to cool them down to the temperature 
of the air supply. When water vapour is 
present in the products it is evident that the 
amount of heat available when the products 
are cooled to atmospheric temperature is partly 
due to the condensation of the water vapour, 
and the calorific value obtained including this 
amount is called the higher, and excluding it 
the lower, calorific value. Since the difference 
between the two values is due to the presence 
of water vapour it is evident that any fuel con- 
taining hydrogen will have a higher and lower 
calorific value, whilst fuels which contain no 
hydrogen will have just the one calorific value. 

Determination of Calorific Values. The obvi- 
ous method of determining the calorific value of 
a fuel is to burn a known quantity, measure the 
heat given out due to the burning, and calcu- 
late the heat liberated per unit mass of the 
fuel, if it is either a solid or liquid, or per unit 
volume if it is a gas. This is the principle 
adopted in all types of fuel calorimeters, 
although the method of carrying out the 
principle differs with different instruments. 

Before describing in detail the methods of 
carrying out the test or the apparatus used, it 
is as well to discuss the general problems 
involved and point out some of the difficulties 
which arise. 

The heat liberated is measured by causing it to 
be absorbed by a known quantity of water, the 
water being supplied to the apparatus either 
in the form of a constant rate of flow or as a 
fixed quantity in the apparatus, and replaced 
for each test. Similarly, the fuel may be 
supplied continuously throughout the test and 
be burned at a constant rate, or it may be 
supplied as a fixed amount, previously deter- 
mined by weighing. The constant rate of 
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supply of water and fuel is used in practically 
all gas calorimeters, and the fixed quantities of 
fuel and water in calorimeters designed for testing 
solid and liquid fuels. 

In order to cool the products down to the 
initial temperature of the air or oxygen supply 
the rise allowed in the temperature of the water 
is only small, so that accurate measurement of 
that temperature rise is essential, and it is 
furthermore necessary that the temperature 
measured should be truly that of the water. 

To ensure the first, fine reading and accurately 
calibrated thermometers are used, graduated to 
either ;4,° C. or ;4,° C., according to the type of 
apparatus used, and a magnifying glass enables 
estimations to 745° C. orqa'gq° C. respectively to 
be made. 

To be sure that the temperature reading is a 
true one, arrangements must be made to 
thoroughly mix the water before it reaches the 
thermometer, and this is done by passing the 
water through baffles in instruments using the 
constant flow supply, and by the use of stirrers 
in instruments using fixed amounts of water. 

It is obviously essential that the quantity of 
fuel used should be measured accurately. 


GAS CALORIMETERS 


The general principles embodied in gas calori- 
meters may be best explained by reference to 
the diagrammatic sectional drawing (Fig. 1). In 
this calorimeter the water enters two annular 
tubes B and C at A, these tubes being con- 
nected at the bottom and top by a series of 
tubes Z and D. Water entering at A passes 
upwards through B and C and, on leaving the 
calorimeter body, is thoroughly mixed by the 
baffles F before reaching the thermometer G. 
The water leaves the instrument at H , Where it 
may be collected in a measuring flask or 
cylinder. 

The products of combustion from the gaseous 
fuel pass upwards through the centre of the 
annular tube C and then downwards between C 
and D into the metal base J, and so out into the 
air. Condensation of steam from the products 
occurs on the walls of the tubes B and C, and 
the condensed water runs down the walls and 
falls into the metal base J, leaving in the form of 
a continuous drip at the outlet lip K. The 
whole apparatus is heat insulated to prevent 
radiation losses as much as possible by means of 
an annular air jacket L. 

Method of Carrying Out a Test. The gas 
should be taken from a main through which gas 
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is constantly passing. This can be arranged by 
having another burner continuously lit and 
supplied from the same main, and preferably 
farther away from the meter than the burner 
used with the calorimeter. The gas is adjusted 
until the rate of supply to the burner of the 
calorimeter is from 4 to 5 cub. ft. per hour with 
town’s gas, and 16 to 20 cub. ft. per hour with 
producer gas. If producer gas is being tested 
a plain tube burner without any holes at the 
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DIAGRAMMATIC SECTION OF A 
Gas CALORIMETER 


Fie. 1. 


base is used, no additional air supply being 
necessary. 

For gas measuring purposes a small precision 
gas meter (wet) is used with a large dial and 
pointer. One revolution of the pointer is 
equivalent to a tenth of a cubic foot, and the 
dial is divided into one hundred equal divisions, 
each representing ;jyy cub. ft. An inner dial 
graduated in cubic feet, and tenths of a cubic 
foot, is also provided. The pressure of the gas 
is measured in inches of water, a fairly sensitive 
water gauge being used, and if this pressure is 
not steady some form of pressure governor has 
to be used. The temperature of the gas in the 
meter is given by a suitably placed thermometer. 
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The water supply should come directly from 
the mains or from a large storage tank, holding 
sufficient water for a number of tests. For 
accurate work it is essential that the temperature 
of the inlet water should be constant, and if the 
main supply is used a tap should be left running 
for some time previous to the commencement 
of the test to enable a steady temperature of 
the inlet water to be attained. The accuracy 
of the test will depend on the constancy of the 
inlet temperature, and the rates of flow of water 
and gas to the calorimeter. The rate of water 
flow is adjusted until the rise in temperature of 
the water in passing through the calorimeter is 
approximately 15° C., although this value is not 
critical. 

When these conditions have been obtained 
and remained steady for some time, the test is 
commenced by putting a measuring cylinder to 
collect the water discharged when the meter 
pointer passes the zero mark at the top of the fine 
reading dial, the reading on the gas meter being 
noted, As soon as this has been done readings 
of the outlet thermometer temperature are 
taken every 15 seconds, and of the inlet ther- 
mometer temperature every minute. These 
thermometers are graduated to ;4°C., and by 
means of a magnifying glass estimations to 
zt C. are made. When the water in the cylin- 
der is approximately. 2,000 cub. cm., the meter 
is again read when the pointer passes any 
convenient reading, and the water diverted 
from the measuring cylinder. The cylinder is 
taken away and the amount of water collected 


4 


during the test noted. During the test the 


observer who is responsible for reading the 
meter and booking the records takes readings 


every minute of the pressure and temperature — 
of the gas supply. The barometric height is ~ 


obtained prior to the commencement of the 
test. - 

As a result of the test the following informa- 
tion is available— 
Temperatures. 2 

Mean inlet water temperature. 

Mean outlet water temperature. 

Mean gas temperature. 
Pressures, 

Mean gas pressure in inches of water. 

Height of barometer. 
Volumes. 

Corresponding volumes of gasin cubic feet, and 
of water in cubic centimetres, used during test. 

Example. To illustrate the method of work- 
ing out the result of the test, the following data 
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obtained when using a gas calorimeter are given, 
the fuel being town gas— 


Quantity of gas used . 0:28 cub. ft. 
Duration of test - 3 mins. 54 secs. 
Rate of gas supply per hour - 4°30 cub. ft. 
Mean outlet water temperature . 34-485° C. 
Mean inlet water reels Sage . 18-24°C. 

Rise in temperature . » 16:245°'C. 


Volume of water collected . 2,030 cub. cm. 
Mean temperature of products 


leaving apparatus . = 60% EB. 
Mean air temperature —2ors> G. 
Mean gas temperature in meter . 22:0°C. 
Mean gas pressure in meter - 3°4in. water 
Height of barometer . 29°78 in. 


Condensed water 31-0 cub. cm. 
collected during the burning of 2-10 cub. ft. of gas 
in 29-3 mins. 


34 
13°60 
+25 in. of mercury. 


3°41in. of water = 


Absolute pressure of gas supply 
= 29°78 + -25 = 30°03 in. of . 
mercury. 
Temperature of gas in meter 
Ss yd (ON eas roy al the 
Absolute temperature 
= 461 + 71-6 = 532:6° F 


The standard conditions of temperature and 
pressure are 60°F. and 30in. of mercury 
respectively, and the volume of gas used mea- 
sured under the standard conditions would be 


30°03 = 520 
0:28 X 30-0 x 532°6 = 2734 cub. ft. 


The weight of water collected during the test 


2030 


is 2,030 grm. or Ib., and the temperature 
453°6 ‘ 


rise is 16-245° C. or 29:24° F. 
Hence, heat absorbed by the water during 


the burning of 0-2734 cub. ft. of gas is ~ ge 
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< 29:24 B.Th.U.’s, and gross calorific value of 
the gas in B.Th.U.’s per cubic foot 
_ 2030 X_ 29°24 _ j~gn 
453°6 X 2734 4 
This calorific value is the higher value, and 
if the lower or net value is required allowance 
has to be made for that portion of the heat 
given up by the products of combustion during 
cooling, which is due to the condensation of 
water vapour. In the test shown, 31-0 grm. of 
water were collected whilst 2-10 cub. ft. of gas 
measured under meter conditions of tempera- 
ture and pressure were burned. Under standard 
conditions of temperature and pressure this 
volume would be 
O85 529 
2 TOG 30°0 x Fev i 2:05 cub. ft. 
and consequently the condensation per cubic 


31-0 SE Ce 
2°0 05 


foot of gas would be 2—— grm., or 


or 0:0333 lb. 

It is customary to assume that each pound 
of condensate is equivalent to 970 B.Th.U.’s, 
which is the latent heat of vaporization at 
atmospheric pressure, and using this conven- 
tional figure, the heat due to the condensation 
of 0:0333 lb. would be 970 xX 0-0333 = 
32°3 B.Th.U-s. 

The net or lower calorific value of the gas 
would thus be 

478°7 — 32°3 = 456:4 B.Th.U.’s. 

The method of testing coal gas, and the 
apparatus to be employed to comply with the 
demands of the Gas Regulation Act, 1920, are 
laid down in a booklet published by His 
Majesty’s Stationery Office, entitled General 
Notification of the Gas Referees, and readers 


interested should make themselves familiar 
with the methods and precautions there 
outlined. 


For accurate results considerable care is 
necessary, and one or two corrections have to 
be made which have, for the sake of simplicity, 
been omitted in the example worked out. 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy E. Rycrort, M.B.E., M.1.E.E. 


LESSON XI 


OIL FIRING, WASTE HEAT, 
REFUSE 


ALTHOUGH in this country the relative cost of 
fuel oil and coal is usually much in favour of 
the latter, circumstances sometimes arise in 
which it is advantageous to install oil firing. 
Assuming that a good average residual oil 
has a calorific value of 18,500 B.Th.U.’s against 
11,000 B.Th.U.’s for a good bituminous slack, 
and making due allowance for savings on fuel 


the centre of the burner to a small orifice and 
being met just before emergence by a jet of 
steam which breaks it up into a fine spray. In 
some burners the steam is arranged to impart 
a rotary motion to the oil spray as it enters 
the furnace, and this shows some advantage 
over an ordinary flat jet of steam. 

For operating purposes the oil fuel is heated— 
usually by means of a steam coil in the oil 
service tank—in order that it may flow freely. 

Steam burners can be constructed to deliver 
up to about 600 Jb. of fuel oil per hour, but a 
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handling, reduced labour costs due to the 
absence of ashes, and other economies, it may 
be taken that it is a commercial proposition to 
fire with oil, providing the cost of the oil fuel is 
not more than twice as much as that of the coal. 

If this proportion is exceeded there must be 
other and weighty considerations to warrant its 
adoption. 

There are two main systems of oil burning, 
viz., steam atomizing and pressure atomizing, 
with a possible third alternative of substituting 
compressed air for steam under the first heading. 
_ Steam Operated Burners. The steam atom- 
izing system requires only a simple equipment 
consisting of oil and steam supply pipes con- 
nected to a common burner, the oil flowing down 


normal working load may be taken at about 
250lb. per burner per hour with a damper 
draught of about 4 in. water gauge. 

From 2 to 5 per cent of the total steam pro- 
duced by the boiler is required for the burners. 

Pressure Systems. The pressure system of 
oil fuel firing is appreciably more efficient than 
that of steam operated burners, the complete 
equipment consisting of oil heater, filters, pres- 
sure pump, pipe lines, and burners. 

The oil is heated to ensure a steady flow of 
fuel, and filtered to prevent any small particles 
of foreign matter from blocking the very small 
holes in the burner orifice plate. 

As a further safe-guard against this possi- 
bility, arrangements are usually made so that 
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the actual burner can be quickly removed 
for cleaning or replacement without interfering 
in any way with the operation of adjacent 
burners. 

The oil pumps are usually of the steam-driven 
double-acting type, and a normal working pres- 
sure is about 145 lb. per sq. in. Pressure 
operated burners can be constructed for a duty 
up to about goo to 1,000 lb. of fuel per burner 
per hour, but are usually operated at about 
250-400 lb. per hour. 

Air for combustion is provided by means of 
registers which surround the burner, and these 
can be regulated as may be necessary. 

Duplicate pumping, heating, and filtering 
plant should always be installed and, in apply- 


ing any system of oil firing to steam boilers, it 


is particularly important to arrange the burners 
so that there is no continuous impingement of 
the flame jet on the water surfaces. 
times necessary to protect by firebrick the 
boiler parts at all liable to such impingement, 
while similar and adequate protection should be 
given to the ash-pit, particularly when any steel 
girders or framing form part of the lower struc- 
ture of the furnace. 

Waste Heat. Under the heading of waste 
heat we include furnace gases from blast fur- 
naces, coke ovens, cement kilns, steel Works, 
gasworks, and similar industrial plants. 

These works consume large quantities of fuel 
in the manufacture of their main products, and 
have very considerable supplies of surplus heat 
available which would otherwise be lost unless 
used for steam raising purposes. 

In the case of coke ovens, puddling furnaces, 
reheating and reverberatory furnaces and the 
like, relatively high gas temperatures—up to as 
much as 2,200° F.—are often available. 

The draught necessary for combustion with 
these plants is not high and, therefore, the 
introduction of a steam boiler in the circuit 
offers little difficulty as there is not material 
interference with the furnace draught, due to 
the lowering of the chimney exit gas tempera- 
ture. 

With regenerative and other furnaces, how- 
ever, the initial gas temperature available for 
steam raising will probably not exceed 1,200- 
1,300° F., and may be as low as goo° F., so that 
apart from the question of maintaining a suit- 
able draught at the furnace outlet it is necessary 
to increase the velocity of the relatively cool 
gases through the boiler in order to obtain a 
reasonable heat transference. 


It issome- . 
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This is readily done by the introduction of 
mechanical draught, and it is advisable to 
remember that the supply of gas is often 
irregular, and that ample margin should te 
allowed in the size of the induced draught fans, 
so that they can readily deal with increased 
outputs from- the furnaces above ordinary 
normal conditions of working. 

In the case of coke ovens, there is often a 
surplus of “live”’ gas available in addition to 
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actual waste heat. This live gas can be readily 
fed into a boiler furnace through a Bunsen or 
multiple type burners and burnt in conjunction 
with the waste gases. 

With cement kilns the problem of utilizing 
the waste heat is a little complicated by the 
fact that the gases leaving the kilns are heavily 
laden with dust. There is, however, very 
little tendency for this dust actually to stick 
to the boiler tubes and surfaces, and it can be 
readily kept clean by means of steam operated 
soot blowers. 

As in the case of regenerative furnaces it is 
essential that the draught at the kiln mouth 
should not be reduced, and induced draught 
fans are again employed. 


1456 


The volume of gases to be dealt with is large, 
and care is necessary to reduce air leakages to 
a minimum in order to avoid overloading the 
fans by infiltration of this kind. 


It is usually 
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BorLers 


an advantage in this type of plant for all flues 
and boiler brickwork to be steel cased. 

Waste gases are always liable to be charged 
with a certain percentage of sulphur, and this 
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relatively cold boiler surfaces; but reasonable 
precautions will prevent this particular trouble. 

The temperature of the gases available from 
different process plants will, of course, vary 
appreciably, and this has to be considered when 
determining the heating surface required for 
any particular layout, but beyond this and the 
question of gas velocity, which has already been 
referred to, no very special modifications to a 
standard steam plant are involved in order to 
use waste heat. 

Refuse Burning. There are many industries 
which in the course of their process work provide 
an appreciable amount of waste material, which 
contains a certain amount of combustible matter 
that can be used under steam boilers. 

Among such fuel may be mentioned spent tan, 
sawdust, and wood chips, coffee husks, bagasse, 
sugar cane, and many others. 

In addition to these waste products there are 
many thousands of tons of house refuse to be 
disposed of daily, and refuse destructors have 
been established in many parts of the country 
for this purpose. 

The burning of these waste fuels offers no 
particular difficulty except that some modifica- 
tion to the furnace is usually required; a 
“stepped ” or inclined hand fired grate is often 
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taken in conjunction with any steam leaks or 
other moisture is liable to set up corrosion, 
particularly when the final exit temperatures 
are low enough to allow condensation on the 


° 
installed and a forced draught equipment is 
generally necessary. 
The boiler construction jis not materially 
affected except that the furnace temperature 
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with these waste fuels is invariably less than 
with coal or oil fired plants, and a lower rate of 
evaporation per square foot of heating surface 
is therefore allowed for. 

Most waste fuels contain a high percentage 
of moisture—often over 40 per cent—and under 
these conditions some trouble is likely to be 
experienced in maintaining ignition. To deal 
with this problem, “‘ drying hearths ”’ are some- 
times installed, the fuel being banked on to a 
firebrick slope at the front or, where a top feed 
is adopted, rear of the furnace, so that a good 
deal of the moisture can be driven off before 
the fuel is allowed to enter the furnace proper. 
- Although in some cases house refuse is fired 
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directly on to grates immediately under the 
boiler, it is more usual for this material to be 
burnt in a number of furnaces arranged in 
cellular form, the gases from which pass into a 
common flue and from thence to the boilers. 

The calorific value of house refuse rarely 
exceeds 4,000 B.Th.U.’s per lb., and the furnace 
temperatures are relatively low, 1,600° F. being 
a fair figure. 

An evaporation of 1lb. of water per lb. of 
refuse consumed is a quite reasonable perform- 
ance, although higher claims than this are 
sometimes made. 

Mechanical forced draught or steam blowers 
are essential for refuse burning. 
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By H. M. AnpDREw, Wu.Ex, 


LESSON IV 


THE SELECTION AND USE OF 
CHAIN DRIVE 


SELECTION 


THE objects aimed at in the selection of a power 
transmission generally consist of one or more of 
the following five desirable qualities. While it 
is obviously advantageous to obtain all these 
qualities to their maximum in a drive, this is 
generally not practicable and, consequently, it 
is usually necessary to decide which of these 
qualities we need most particularly for our 
purpose. 

1. Long Life. Generally the foremost re- 
quirement in industrial drives, such as line- 
shafts, etc. The life of a drive is dependent 
partly on the amount of bearing pressure in 
pounds per square inch. It is still more 
dependent on the success with which flapping 
and irregular driving is avoided. It is most 
dependent of all on the provision of suitable 
protection from dirt and adequate lubrication, 
a requirement which will be dealt with later on 
in this lesson. 

2. Low Initial Cost. An object to be always 
aimed at, with due regard to the other require- 


ments. The initial cost depends largely on the 
type and pitch of chain used. The smaller the 
pitch—down to, say, about 4 in. pitch—the 
cheaper the chain. Saving in first cost on the 
protection and proper lubrication of the drive 
is generally false economy. 

3. Quietness. An essential in motor-car 
drives and in many industrial drives. Quiet- 
ness is best obtained by the use of inverted 
tooth chain where this is practicable, but a 
fair degree of silence can be obtained with 
roller chain, given ample lubrication, on wheels 
with large numbers of teeth. In either type, 
large numbers of teeth on the wheels are always 
very advantageous in securing quietness. 

4. Lightness. Often the first essential in such 
drives as aeroplane propellers. Light weight is 
best obtained by the use of bush roller chain, 
and the smallest pitch that provides sufficient 
strength and bearing area for the work. 

5. Robustness. For cases where shock load 
is present in some pronounced degree, bush 
roller chain is more resistant to shock and 
fatigue than inverted tooth chain. In drives 
up to, say, 500 r.p.m., this quality can be 
obtained to any required degree by increasing 
the pitch and therefore the strength of the chain, 
but in high speed drives this is not always a 
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successful method as the increased weight of 
the chain may increase centrifugal tension and 
the effect of shock proportionately. 

The usual information available for selection 
is the horse-power to be transmitted, the 
revolutions per minute of the shafts, and the 
space available for wheels. The type of chain 
to be employed is chosen with due regard to the 
qualities required of it. 

At the maker’s limit of, say, 2,000 lb. per 
Sq. in. bearing pressure, maximum horse-power 
from any pitch of bush roller chain would be 
obtained at about 3,700 ft. per min. speed, or 
in the case of inverted tooth chain at about 
2,400 ft. per min. The most economical speed 
to run at is about 2,500 ft. per min. for bush 
roller, and 1,700 ft. per min. for inverted tooth 
chain, While 1,700 ft. per min. is quite a usual 
speed for inverted chain, such a speed as 
2,500 ft. for bush roller chain can only be 
employed with reasonable quietness by using 
large numbers of teeth in the wheels and heavy 
lubrication. 

The actual limit to speed in the case under 
consideration, expressed in feet per minute, 
equals the revolutions per minute of a shaft 
multiplied by the circumference in feet of the 
available space for the wheel. If, as is usually 
the case, this available speed is much less than 
the speeds discussed above, it indicates that the 
whole space available should be utilized so 
that the wheels may have the maximum possible 
number of teeth. 

A suitable speed to run at can be determined 
RNP 
12 
in which S and Rare known, while NP equals the 


pitch circumference (approx.) of the chain wheel. 
T (the tension due to horse-power) 


_ H X 33,000 
S 


C (the centrifugal tension) depends on the 
j 2 


in the above manner, and this Speedyor— 


weight of the chain used, and equals 


115,920 
T+Cc : 
4. = the bearing pressure in pounds per 


Square inch, which should not exceed, say, 
2,000 lb. 


Strength of chain 
T+C 


should in the average case be about 15 for bush 
roller and 20 for inverted tooth chain. 


= factor of safety, which 
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If shock load is present in the drive, the safe- 
guard is a high factor of safety. 

The chain makers’ catalogues generally con- 
tain selection tables that are a useful guide to 
work with. The main object in selection 
should be to obtain as many teeth as is practic- 
able in the chain wheels, as this makes for good 
efficiency, quiet and smooth running, and mini- 
mum wear. This effect is obtained by selecting 
the smallest pitch of chain that will safely } 
carry the load. The chain should have a mini- 
mum angle of lap around the driving wheel of 
about 120° to ensure a good grip of the chain by 
the wheel, and the driven wheel or wheels 
should have not less than go° preferably. 
Adjusting jockey wheels need only have a few 
teeth in mesh, according to the degree to which 
correct adjustment is going to be maintained. 


LUBRICATION 


The great importance of efficient lubrication 
has been previously emphasized, and a few 
notes on methods of lubrication may be of use. 
in indicating how best to obtain good results. 

The bearing surfaces of a chain are not sub- 
ject to continuous pressure, but have an inter- 
mittent load varying rapidly from zero to 
maximum. The best method of lubrication is 
therefore, as far as possible, to seal the bearings 
all round with a film of lubricant so that this 
lubricant will be forced into the bearing when 
the pressure is relieved. The best medium for 
the purpose is thin mineral oil applied fairly 
copiously to the inside face of the chain, so that 
centrifugal action will tend to throw it through 
the chain. Inverted tooth chains are easy to 
lubricate in this manner, but in bush roller 
chains the lubricant-has to pass down between 
the inner and outer link plates in order to reach 
the pin bearing. Obviously, tallow or graphite 
grease is unsuitable if simply pasted on to the 
chain. If it is required to use solid lubricants 
of this type the chain should be soaked in the 
heated lubricant for an hour or so until some air 
in the bearings has been expanded out and 
replaced by a film of graphite or grease. The 
chain will then be good for a limited period of 
service (according to the nature of its duty) and 
should then be retreated. Such lubricants are 
really only suitable for slow speed drives. For 
high speed drives the most suitable method to 
use is a copious supply of pure mineral oil 
pumped on to the inner face of:the chain. 
Radial throw of oil through the rim of the wheels, 
as mentioned in Lesson I, is also effective. 
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Running in an oil bath is quite efficient 
_ provided the level of oil is maintained sufficient 
to fully immerse the lower part of the chain. 

The amount of protection to be afforded to 
the chain by a guard or casing depends on 
whether dirt and grit are liable to get into the 
drive. Foreign matter should always be thor- 
oughly excluded to prevent it forming a grinding 
compound with the oil; and where copious 
lubrication is used a casing is essential to con- 
serve the oil, which should preferably be filtered 
through gauze before re-use. In large indus- 
trial drives a sight gauge should be incorporated 
to give a visible indication that o!l is present 
in the case to a suitable amount. 

Adjustment. Just as a belt or rope is 
_shortened to take up stretch so can a chain be 
shortened to take up wear by removing one or 
_more pitches. When an odd number of pitches 
is required, the odd link is termed a cranked 
link, or a hunting link, as it has to join up an 
inside combination to an outside combination. 
Odd pitches of this kind with bent links are best 
avoided in high speed or heavy duty drives, as 
they can only be made of equal strength to the 
rest of the chain by increasing their relative 
weight, and this slightly disturbs the smooth 
balance of the chain. For the same reason, 
high speed drives are often riveted up as an 
endless chain to. avoid the use of joint links. 
The removal of a pitch of the chain naturally 
provides only a coarse method of adjustment, 
and if the chain is to be kept in close adjustment, 
which is always desirable in any drive, and really 
_ essential in high speed drives, either the centre 
distance of the wheels must be increased (as can 
be done by moving a motor on its slide rails) or 
an adjustable jockey wheel must be fitted to the 


1459 


slack side of the chain. A jockey is sometimes 
useful on the exterior face of a chain drive if it 
is desired to increase the angle of lap of the chain 
on either of the wheels. 

Judgment must always be exercised when 
adjusting a worn chain, and sufficient slack 
must always be left in a stationary chain to 
allow it to ride out on the wheels as described 
in Lesson I. If a worn chain is drawn taut by 
its adjusting device it is liable to malgear when 
running. In the case of large heavy chains 
with long horizontal centre distance between 
wheels the slackness of the chain must be 
sufficient to allow for enough catenary sag to 
prevent any excess pressure on the chain 
bearings or the shafts supporting the wheels. 
The following points are a rough guide to 
adjustment— 

1. In horizontal slow speed heavy drives, 
leave ample slack, increasing with centre 
distance. 

2. In high speed heavy drives use a rather 
closer adjustment, particularly if any cyclic 
inequality is present in the drive. Increase the 
closeness of the adjustment according to the 
angle of the drive from the horizontal. 

3. In vertical drives, slow or fast, heavy or 
light, use close adjustment until a slight begin- 
ning of tension can just be felt in the chain 
bearings. 

4. For slow speed light chains maintain 
fairly close adjustment if cyclic irregularity is 
present, otherwise an ample slack can be 
allowed (although it is not necessary). 

5. For high speed light drives maintain a 
close adjustment, particularly if cyclic irregu- 
larity is present or if the driving side is on the 
bottom of a nearly horizontal drive. 
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THE MANUFACTURE OF WIRE 


By E. A. Atxins, M.I.Mecu.E., M.I.W.E. 
Director of Research, Messrs. Pearson & Knowles and Rylands Bros.’ Laboratories 


REcorDs show the making of wire to be one 
of the most ancient of the metal-working crafts. 
It no doubt came into being when man first 
required a piece of drawn out metal to make 
either weapons, tools, personal ornaments, 
hooks, or other form of fastening. The first 
piece of wire ever made was most Jikely formed 
out of copper or gold, as both of these metals 
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would be found in their native state, their 
plastic properties enabling the workmen to beat 
out the metal in the easiest possible manner. 

When iron came into use, rod or wire would, 
of course, be forged directly from a lump of 
crude iron; afterwards the time came when 
iron was beaten into thin plates, cut into strips, 
and rounded by hammering or rubbing. Then 
later there followed the method of making wire 
by drawing the metal through a conical hole 
in a hard plate. 

The early metal workers do not seem to have 
been acquainted with the process of making 
wire by passing the rough rod through a draw- 
plate, for as long as the wire was formed by 
the hammer the metal workers by whom it was 
made were styled wire-smiths, but with the 
introduction of the drawing process their 
designation was changed to wire-drawers or 
wire-millers. There is fairly definite information 
that wire was drawn in this way about the 
thirteenth century, but as the process is so 
simple it is quite possible that much earlier 
metal workers used this means of reducing the 
diameter of a piece of wire or rod. 

The earliest wire made by the use of the 
draw-plate was manufactured by main force, 


the workmen pulling the wire directly through 
the hole in the draw-plate, as shown in Fig. r. 


It was then an easy stage to the application of — 


power, the first kind used being water power. 
One of the last of the old mills of this character 
is that at Tintern Abbey. ~ 

Before the introduction of grooved rolls 
about 150 years ago, the iron rods which form 
the raw material for wire-drawing were manu- 
factured by hammering lumps of crude iron into 
rods of about, the thickness of the little finger. 
They were then run down or reduced by a 
method of coarse drawing called “ ripping ” 
or “rumpling,”’ and after this were carried on 
through smaller and smaller dies until the 
required size of wire was obtained. 

Modern Methods. When the rolling of bars 
came into use, wrought iron for wire-drawing 
purposes was rolled down into rods of about 
qin. diameter, the weight of the piece usually 
being about 281lb. The introduction of mild 
steel or ingot iron has changed the character 
of the wire-drawing trade, for, -as in other 
industries, mild steel has almost pushed the 
use of wrought iron out of existence. With 
the exception of a little Swedish charcoal iron, 
wrought iron has almost ceased to be used in 
the making of wire. Mild steel is usually 
purer and more uniform in its composition than 
ordinary wrought iron, and consequently much 
heavier pieces can now be drawn than obtained 
in the old days. 

Whilst the raw product that comes into a 
wire works is the rolled rod from the steel mill, 
it is, perhaps, as well for us to look back a little 
at the earlier stages through which the steel 
has to pass before it comes to the wire mill. 
The steel, of course, originally comes from the 
iron ore which is smelted in the blast furnace. 
After smelting, the hot metal passes to the steel 
furnace and is there purified: In this process 
its impurities—such as phosphorus, silicon, 
sulphur, etc.—are very largely removed. After 
being stripped from the mould the ingot is 
reheated or soaked, passed through the cogging 
mill, and ultimately rolled down into billets of 
about 2 in. square. 

To produce the rods the billets are charged 
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into a furnace and heated up to the required 
temperature, afterwards being passed through 
a continuous train of rolls and reduced down to 
about one-fifth of an inch in diameter. 

The Cleaning of Rods and Wire. One of the 
most important processes in connection with 
the making of wire is the proper cleaning of 
rods, so as to free them entirely from any form 
of scale, as this latter is fatal to good wire- 
drawing. The general practice is to submerge 
the rods in cisterns of dilute hydrochloric acid 
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until the whole of the scale has been completely — 


“pickled” away. After cleaning in this form 
the rods are then washed well and allowed to 
stand until they are “ browned ”’ or coated with 
a film of ferric-hydrate. This “coating” of 
wire is exceedingly important and should be 
carried out with great care, as the subsequent 
drawing of the wire, especially for what is known 
as long-holing or carrying the wire to fine 
gauges, depends very largely upon the proper 
coating of the wire. 

After coating, the rods are dipped into a vat 
of hot lime water, lifted out, and well dried in 
ovens. The thin coating of lime on the top of 
the ferric-hydrate serves the double purpose of 
protecting the brown coat, and also of keeping 
the rod surface from corroding. 

Before either rods or wire can be passed 
through the draw-plate it is necessary that the 
ends should be pointed to a conical form ; this 
was originally done by hammering or filing, or 
a combination of both, but the bulk of the 
pointing at the present time is done by the aid 
of either rotary swaging machines or grooved 
rollers, and, in some cases, other special 
mechanical devices are used for forming the 
point. 
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Methods of Wire-drawing. There are two 
general processes of wire-drawing in vogue— 
one known as the “ dry,” and the other as the 
“wet”? method. In dry drawing the rod or 
wire is passed through a draw-plate or die 
which has a tapered hole, the lubricant in this 
case being a special form of well dried soap. 
This method of drawing is shown in Fig. 2, in 
which the operator is seen ramming the soap 
down on to the rod as it passes through the soap 
box on its way to the steel die. The illustration 
shows the draw bench, the operation 
being known as single-holding, i.e. as 
the crude rod passes from the “‘ swift ”’ 
or cradle shown on the left hand and 
is ultimately wound on to the block 
on the right it is reduced one hole, 
which may be from a 5 gauge rod 
down to 8 gauge wire—the time of 
this operation for a 160 lb. piece being 
about five minutes. There are various 
ways in which the blocks are operated, 
sometimes ten or more being driven 
by bevel gearing from a line shaft, or 
they may be in groups of two or 
three, or in some cases driven directly 
with a motor connected to the vertical 
spindle. 

In wet drawing the wire or rod is first coated 
with a thin film of copper, the latter being 
deposited by passing the rod or wire through a 
special solution containing sulphate of copper. 
The wire then passes through a soapy solution. 
and on through the hole of the draw-plate. 
This method of wire-drawing a hard metal 
within a shell or skin of a softer metal has been 
in use for more than a century, and in practice 
gives very good results. 

The rods as they come into the wire mill are 
usually in pieces weighing about 150 to 170 lb., 
which will give a length of about a quarter of a 
mile of 5 gauge. This, when drawn to Io gauge, 
increases in length to about three-quarters of 
a mile. If drawn to 20 gauge its length works 
out to about nine miles, and then if drawn fur- 
ther to 30 gauge stretches to a length of 70 
miles, or 280 times the length of the original 
rod. Sometimes rods of twice the above weight 
are used, these, of course, giving wire of double 
the length stated. 

A continuous process of wire-drawing is now in 
common use. The method consists in carrying 
the wire continuously from one block to another 
through interposed draw-plates, and thus on 
to a final winding block. The advantage of 
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this method is that it obviates the handling 
of the wire in between the various passes or 
drafts. 

Science of Wire-drawing. Whilst the casual 
observer would think that the making of wire 
is a very simple process which involves little 
knowledge or skill, in actual practice to obtain 
the best results a great amount of considera- 
tion has to be bestowed on the kind of dies used, 
the shape of hole, speed of drawing, method of 
lubrication, and many other points that affect 
not only the drawing of the wire, but its 
ultimate quality. 

The reducing of the diameter of the metal 
rod by pulling it through a conical hole of 
smaller diameter is in its essence entirely 
different to either swaging or rolling, as it is 
the actual pull on the wire that sets up the 
pressure on the reducing shoulder which causes 
the reduction in the diameter of the rod or wire. 
The real action is of a duplex character, for at 
the same instant as the pressure is set up on 
the shoulder the metal at the core of the wire 
is made to slightly flow in advance of the skin, 
this causing the continuous collapse of the 
material which allows it to continuously pass 
forward through the die. 

Careful experiment and calculation show that 
the steel in passing through the wire-drawers’ 
plate is subjected to an enormous pressure, this 
in some cases amounting to as much as 150 tons 
to the square inch. With such great pressure 
on the shoulder of the tapered hole in the draw- 
plate it is manifest that a solid or semi-solid 
lubricant must be used in wire-drawing. The 
commonest lubricant employed is the best hard, 
dry olive oil soap. 

It is essential in wire-drawing that there 
should never be metallic contact between the 
surface of the wire and the surface of the hole 
in the draw-plate, as this causes the wire to 
scrape and wear out the hole in the plate, pro- 
ducing unsizable wire. The arrangements for 
lubricating must be such that a film of the hard 
soap travels on the surface of the wire, and keeps 
it from coming into contact with the surface of 
the hole in the plate. 

The speed at which wire travels through a 
draw-plate varies according to the diameter and 
quality of the material to be produced. For 
soft steel this speed may run up to more than 
1,000 ft. per minute. The reduction of area 
per draft varies according to the quality of 
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steel being drawn and the kind of wire required. 
It may run up to 40 per cent, and down to as 
low as Io per cent. 

The physical properties of steel are altered 
as it passes through the wire-drawing process, 
the chief alteration being a rapid increase in its 
tensile strength, and a reduction in its elonga- 
tion. A No. 5 gauge rod (-212 in.) of -14 per 
cent carbon steel, as it comes from the rolling 
mill, will have a tensile strength of about 
33 tons per square inch. In drawing down to 
16} gauge its tensile strength rises to about 
62 tons per square inch. This again after 
annealing, when drawn down to 33 gauge, 
mounts up to about 85 tons per square inch. 
A +75 per cent carbon steel may start with a 
5 gauge untempered rod, having a tensile 
strength of about 57 tons per square inch, but 
when drawn down to 33 gauge, with two inter- 
mediate temperings, it runs up to the extia- 
ordinary strength of 200 tons per square inch. 

When stress-strain diagrams for mild steel 
wire are taken on an automatic recording 
machine, the chief characteristic observed is 
the great reduction in the elongation as the wire 
is reduced in diameter. Similar curves for hard 
steel wire indicate that whilst the untempered 
rod shows a definite yield point, the tempered 
rod and the drawn wire give no clearly defined 
yield point. 

The limit of elasticity for both mild steel and 
hard steel wire is not easy to determine on 
account of the very slight deviation from the 
law of proportionality which obtains with wire 
under a small load. 

The operation of wire-drawing on steel, it 
might be mentioned, has the effect of increasing 
its electrical resistance, so that in practice it is 
necessary to anneal wire that js to be used for 
telegraph and similar purposes. 

The various physical properties that are 
usually mentioned in connection with wire are: 
its tensile strength, elongation, limit of elasticity, 
torsion and bending. 

The softer metals such as copper, and alloys 
such as brass, are drawn in a similar manner to 
steel, the difference being in the methods of 
cleaning and annealing, also with the softer 
metals a larger use is made of methods of 
continuous drawing, in which wires may be 
run down to very fine gauges by the simulta- 
neous reduction of nine or more passes in one 
operation. 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mecu.E. 


LESSON XXVIII 


British Standards. We have referred to the 
place of the standard drawing as a reference 
for machine parts in comparatively frequent 
demand. Such drawings are often made to 
suit a single manufacturer’s convenience in 
production. We have yet to consider the place 


of the standard drawing having a universal 
recognition. 

Certain machine part proportions, such as the 
Whitworth thread for nuts and bolts, have 
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already acquired this general notice, but there 
are other common details which have not yet 
obtained a definitely recognized place in the list 
of British Standards. 

Mention has already been made to the 
B.E.S.A. and its work (Sir Archibald Denny, 
Bart., LL.D., page 729, and Arthur P. Haslam, 
M.I.E.E., page 334), and we may now consider 
the drawing office attitude to the publications 
~ issued by the above association. 

First, we may observe that, in the interest 
of utility alone, a designer ought always to 
endeavour to adhere to the proposed standard 
specification or drawing, and so help to obtain 
for all proposals the definite recognition accor- 
ded to such standards as nuts, bolts, and wire 
gauges. 

Such observance of the proposed standard is 


sometimes frustrated by the demands of 
economy or requirements peculiar to the service 
required of the detail in question. 

Customers’ Preference. Further, it often hap- 
pens that the prospective owner of the machine 
has ideas regarding the design which fail to 
agree with the standard specification, and in 
the interests of good business it is advisable 
to respect the demand at the expense of ignoring 
the standard. Such demands are not neces- 
sarily fads, but are often the result of experience 
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which may be peculiar to the service required of 
the machine in question. 

In such cases it is the duty of the designer to 
essay a successful compromise by satisfying the 
owners with the least departure from the 
standard. 

Departure for Economy. Fig. 1 shows a detail 
of the B.E.S.A. standard screwed gland for a 
? in. external diameter condenser tube. In the 
case of the glands fitted to the water inlet ends 
of the tubes the bell mouth tends to prevent the 
formation of a vena contracta, and yet some 
engineers will sacrifice this feature of efficiency 
to the claims of economy, specifying the much 
cheaper gland shown in Fig. 2. 

Where owners show a preference for a design 
differing from the standard it is not advisable 
to unduly press the claims of the standard 
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design. As an alternative, we may suggest a 
design modified in the less essential features. 
For example, the most important feature of the 
standard design shown in Fig. I is the screwing, 
because this affects the space for gland packing, 
interchangeability, and ease in replacing defec- 
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tive glands. This observance of the essential 
has been kept in the case of the cheaper design 
shown in Fig. 2, and may be adopted without 
prejudice to future fitting. 

Departure to Suit Existing Patterns. Fig. 3 
shows a 3 in. bore cast-iron tee piece for a steam 
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pressure of 125 lb.-sq. in., designed to suit the 
B.E.S.A. standard for such fittings. Unfortu- 
nately, the standard dimensions for such fittings 
has not always received strict observance with 
the result that many existing patterns do not 
agree with the standard. 

Where an existing pattern is available we 
may observe economy by making the least 
alteration to the pattern and departing from 
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the standard in the less important details. The — 
more essential features of the standard design 
are interchangeability and the prompt replace- 
ment of defective parts. 

Suppose a 3 in. bore cast-iron tee piece for 
120 lb.-sq. in. pressure is required for an oil — 


system, where leakage would be dangerous. 
We may, in order to guard against the possibility 
of leakage, increase the flange thickness above 
the standard dimension. Also, assuming there 
is a fairly similar pattern available, we -may 
depart from the standard in the less important 
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points and design the tee piece shown in 
Fig. 4. i 

Special Rolled Steel Section. Fig. 5 shows a 
sectional detail of a flanged joint for a large 
exhaust steam fitting, and it is desired that the 
section be made from a B.E.S.A. rolled steel 
angle section. Referring to the standard dimen- 
sions for rolled steel sections we observe the 
nearest section to the required joint is a 4 in. X 
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4in. X 3in. angle. We may order a section 
made from the 4in. x 4in. X in. rolls with 
the thickness increased to r}in. as required. 
The section produced by rolls designed for a 
smaller thickness will, of course, be odd but, 
for a section requiring machined faces, is quite 
practicable. Fig. 6 shows the section as ordered, 
the shaded portion representing the section 
finished machined. 

Standard Unit. Where a standard exists for 
_ a number of component parts it is more advis- 
__ able to adhere rigidly to the standard because 
any slight departure may affect interchange- 
ability and replacement of defective parts. 

An example is given in Fig. 7 which shows the 
-B.E.S.A. standard ship’s propeller shaft and 
_ stern tube which, together with the accompany- 
ing table, embodies a sound useful design. It 
will be evident that general adherence to this 
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standard will, in the event of a breakdown, 
provide for the rapid ordering and manufacture 
of quite a number of replace parts of a vital 
section of the ship’s propelling machinery. 

The student designer will be advised, when 
approaching a design new to his experience, to 


‘examine the B.E.S.A. list of standards and, if 


the detail has been standardized, obtain a copy 
of the publication dealing with the part. Apart 
from the question of economy involved in using 
a mature design the reader will often obtain 
many useful aids to sound practical designs. 


EXERCISE 


Using Fig. 7 as a guidance, make a working drawing 
of a stern tube and propeller shaft for a 6 in. diameter 
shaft. Also, using Fig. 4, Lesson XIII, as a reference, 
make a working drawing of a bearing block to suit the 
above shaft. 
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By JAmEes KNOWLES 


LESSON XI 
THE OPEN HEARTH— (contd.) 
THE BASIC PROCESS 


OF recent years the basic open hearth process 
has proved an extremely valuable factor in the 
development of the iron and steel industry. 
Designed to produce steels of good purity 
standard from irons of any phosphorus content, 


it has thus opened up tremendous fields of ore . 


which, so far as most steel specifications are 
concerned, would otherwise be useless, and 
furnished an abundant source of cheap, low 
phosphorus steel scrap for the acid process. 

In all open hearth practice the composition 
and condition of the slag are of vital impor- 
tance, and the temptation to treat this aspect 
of the process at some length is strong, but the 
following notes will perhaps suffice for present 
needs. 

The constituents of a slag should be con- 
sidered as either acids or bases, the former being 
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oxides of non-metals, such as silicon, sulphur, 
and phosphorus, and the latter oxides of metals, 
e.g. Iron, manganese, and calcium. Acids and 
bases have a strong chemical affinity for each 
other and the predominance of either type in a 
slag determines its character and action. Thus, 
silica (SiO,) being an acid, a silicious slag will 
not react with other acids, such as oxides of 
sulphur (SO;) and phosphorus (P,O;), whereas 
lime, (CaO) a base, readily enters into combina- 
tion therewith. 

This then distinguishes between acid and 
basic practice, and indicates the absolute 
necessity for a furnace lining that is immune 
from similar chemical action. 

During the actual working of the process the 
condition of the slag needs most careful atten- 
tion. As in the basic Bessemer, so in the basic 
open hearth, periodic additions of lime are made 
with which the phosphorus in the iron, having 
been oxidized to P,O;, combines to form a 


.stable phosphate of lime and, as such, enters 


the slag. The slag must therefore be kept 
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sufficiently fluid for the maintenance of intimate 
contact with the metal, basic enough to retain 
the phosphate, and oxidizing in action so as to 
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fulfil its essential function of impurity elimina- 
tion. During the final stage, however, it should 
not be such as to oxidize the ivon. 

Since the presence of manganous oxide pro- 
motes fluidity, the initial manganese content of 
a basic charge usually runs about 1 per cent ; 
in fact, a good composition to bear in mind as 
a typical example is one with silicon, manganese, 
and phosphorus all at I-o per cent. 

The Furnace. Owing to the extreme fria- 
bility of basic bricks, the simple expedient of 
constructing a furnace entirely of such bricks 
is automatically ruled out. Furthermore, the 
obvious alternative of building an outer shell 
of acid bricks and ramming a basic lining inside 
would so seriously reduce the capacity of the 
furnace as to render the arrangement awkward 
and economically unsuitable. The method of 
construction adopted is a mean of the fore- 
going and may be summarized as follows— 

I. FURNACE Bopy, Ports AND Roor. Silica 
(acid) bricks, mechanically strong and dipped in 
tar before use. 

2. BATH. Stepped magnesite (basic) bricks 
rammed with burnt dolomite, which is ground 
and mixed with dehydrated tar and applied in 
successive layers of about i4in. thick, each 
layer being glazed by heat before another is 
added. 

3. EXTERNAL Work. Good red brick capable 
of supporting heavy loads, but used only where 
low temperatures obtain. 

The junction of acid and basic materials 


occurs slightly above the top level of the bath — 


and, to avoid risk of fusion and collapse along 
this line at high furnace temperatures, it was 
customary to insert a neutral insulating band 


of chrome iron ore between. This expensive 


precaution has now been abandoned owing to 
the improvement in the quality of refractories, 
and recognition of the fact that fluxing does 
not take place if pressure on the bricks is 
minimized. Consequently, furnaces are designed 
so that the weight of the roof is not borne by 
the side walls, but is supported by a long 
horizontal arch, or carried on special girders. 

In all open hearth furnaces large amounts of 
dust from the ore and other materials charged, 
together with splashes of slag, are carried away 
with and by the waste gases, and in basic prac- 
tice, where the relative quantity of slag produced 
is considerable, this reaches serious proportions. 
Therefore, to prevent choking of the regenera- 
tors and fluxing or glazing of the chequer 
bricks, supplementary chambers are built 
between the ports and regenerators in which this 


slag and dust are deposited and collected. Slag © 


Fic. 188, ELECTRICALLY-PROPELLED 
CARRIAGE LADLE 


pockets, or dust catchers are an essential feature 
in all basic furnace design, but also have been 
_ widely adopted for the larger acid furnaces. 


ae 
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Working the Charge. The furnace is soaked 
with heat and the bottom liberally covered with 
ore and lime for the rapid formation of a basic 
slag. The pig-iron is charged gradually, small 
lime and ore additions being often made con- 
currently, followed by the scrap. Melting then 
proceeds as quickly as possible, feeds of ore, or 
other oxides, and lime are given after the metal 
is clear melted and the boil gently urged 
forward. 

_ Here an important point must be stressed. 
In the working of the basic process it has been 
found practically impossible to eliminate the 
phosphorus before the carbon is almost removed. 
On the other hand, with the carbon eliminated, 
the bath goes off the boil and no further reduc- 
_ tion of phosphorus percentage can be effected. 
This latter contingency, obviously most likely 
_ to arise when the phosphorus content of the 
charge is high, is met by the immediate intro- 
duction of a small quantity of low phosphorus 
‘pig into the bath. By these means a very small 
_ percentage of carbon is added and the boil 
recommenced. It will be realized then, that 
though the usual, regular series of bath samples 
are taken, inspected and rapidly analysed for 
both carbon and phosphorus, reactions cannot 
be stopped at any desired carbon point with 


Fic. 18c. LADLE FOR OVERHEAD CASTING 


“the certainty of a low phosphorus content in the 
finished steel. Furthermore, if the bath were 
run right down and some recarburizing agent 
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added, the reducing action of the carbon would 
effect a dissociation of the lime phosphate in 
the slag and a reprecipitation of phosphorus 


FIG. 19. SECTION THROUGH STOPPER AND 
NozzLEe 


(Steel casting ladle) 
The Park Gate Iron & Steel Co., Ltd. 


into the bath. Therefore, the basic process is 
employed primarily for the production of 
mild or dead soft qualities, although higher 
percentages of carbon can be obtained by 
recarburizing 7m the ladle during tapping with, 
for example, anthracite. For the same reason, 
deoxidizing agents are also fed into the stream 
of molten steel or ladle. 

The Talbot Process.t The continuous process 
invented by Mr. Benjamin Talbot, though of 
comparatively recent origin (1900 ¢.), is prob- 
ably the most important commercial applica- 
tion of the basic open hearth principle, and has 
met with remarkable success in the production 
of steel for rails and structural purposes. 
Almost universally the employment of a tilting 
furnace of very large capacity (150-250 tons) is 
involved, and the charge introduced in a molten 
condition. 

Tilting furnaces are built on rockers or 
rollers and, being entirely separate from the 
blocks, tilt or rotate about an axis passing 
roughly through the lower ports. With the 
furnace in the vertical position the tap hole is 
situated slightly above the bath, and at the 
charging side slag spouts are provided at a 
suitable level. Hence, by tilting the furnace in 
the requisite direction, either the finished 
charge or slag can be drawn off as, when and 
im any quantity desired. 

The first heat is worked in the ordinary way 
until, in condition for tapping, when a pre- 
determined proportion (usually about one-third) 

1 See Plate facing page 1209. 


1468 


is run into the ladle, recarburized if necessary 
and deoxidized. The furnace is then tilted 
backwards for slag removal and finally restored 


INGOT BoGIk FOR 


DEWHURST 
CAR CASTING SYSTEM 


FIG, 20, 
Designed to carry 3 10-ton or 6 3-ton ingots 


to the vertical, A fresh slag is made by the 
addition of lime and oxides and a further charge 
of “hot metal”’ introduced, 

The salient features of the process should now 
be apparent. Firstly, a considerable amount of 
purified metal and reserve of heat always remain 
in the furnace and, therefore, the charge intro- 
duced suffers considerable dilution in regard to 
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Note continuous forward movement. 
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contact therewith is immediately effected. The 
metaloids are at once attacked, the ‘‘ melt ” 
is worked down through all the familiar stages, 
a good finishing slag formed, and again a portion 
of the metal tapped off. 

So the process continues until the week-end, 
when the furnace is emptied, inspected, fettled, 
and all preparations made for the commence- 
ment of another run. 

Practical results coincide very closely with 
the indicated theoretical expectations of rapid 
working, huge outputs, and low fuel costs. 
The metal charged, however, should be fairly 
low in silicon, so that the boil may be obtained 
quickly, and if a regular supply of suitable iron 
is uncertain of obtainment from the blast 
furnaces, some desiliconizing must be done in 
the mixer. This should, therefore, be capable 
of fulfilling the réle of preliminary furnace and 
of sufficient capacity as adequately to supply 
the needs of all furnace units depending on it. 
For convenience it should be situated in the 
middle of the furnace line. 


WORK IN THE CASTING BAY 


Ingot Moulds for both Bessemer and open 
hearth processes are composed of low phosphorus 
hematite iron, so as to minimize the risk of 
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HEARTH PLANT BY DrEWuHURS?’S ENGINEERING Co., ribce SHEFFIELD 
Charging boxes are brought from assembling bay A to position B, and hoisted on 


to working stage at D ready for charging by electric overhead charger C. This is constructed on a double gantry which 


also accommodates a magnet crane M and auxiliz ary hoist H. 


Tapped steel enters ladle L, slag overflowing into slag 


ladle S and refuse from under furnace collected in a transfer car, similar to T, Casting ladle is subsequently conveyed to 
position Lr by casting bay crane, drawn to L2 on electricladle car, and ingot moulds X brought underneath, on cars, 
for teeming 


its removable elements. Secondly, since a 
basic and active slag is already present when 

fresh supplies of metal are charged instead of 
being gradually formed afterwards, intimate 


premature cracking, and also to bring them 
within the first-class scrap category after their 
period of usefulness has expired. Internally, 
they may present rectangular, octagonal, circular — 
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or some composite form of cross-section, and 
vary in dimensions according to the weight of 
ingot desired. Considering the common rec- 
tangular form, for weights of 20 to 60 cwt., the 
heights may run from 5 ft. to 5 ft. 6in., and 
maximum widths from 12 in. to 24 in. To 
facilitate stripping the sides are tapered, 
usually by about 2 in., with the wider end at the 
top or bottom as specified. In the latter case 
the moulds are fitted with staples, or lugs at the 
top, and are lifted off the solid ingot, whereas 
in the former, termed inverted moulds, a mild 
steel hook, or staple is set in the solidifying 
ingot by which means it is afterwards drawn 
out of the mould. Moulds are generally open 
at both ends and, when the casting pit is being 
“set up,” are accurately placed on bottom 
plates and luted up with gannister. 

The Casting Ladle is lined with a double 
course of fire-bricks, and may either be mounted 
on a bogie carriage or slung from an overhead 
crane. The molten steel is run out from the 
bottom of the ladle which is designed to drain 
towards the nozzle, which is fire-clay lined and 
cup-shaped at the top. The stopper is an iron 
rod round which, before each cast, fire-clay 
sleeve sections, dovetailing into each other, are 
carefully screwed and fitted together, the joints 
being made good with gannister or fire-clay. 
The base of the bottom section, or stopper end, 
is semi-spherical in shape, and secured to the 
stopper rod by a countersunk bolt and cotter 
pin. This accurately engages in the cup of the 
nozzle and, after careful adjustment, forms an 
effective valve. The top of the stopper is 
connected by a goose neck to a hand-operated 
lever by which it is raised or lowered, and the 
stream of steel liberated or shut off. Generally 
a second nozzle and stopper are provided, 
either to act as a stand-by in case of emergency, 
or to permit of the simultaneous teeming of two 
ingots. 

By the courtesy of Messrs. Dewhurst’s 
Engineering Company, Ltd., Sheffield, photo- 
graphs of three types of casting ladles are 
herewith reproduced. Fig. 18a represents the 
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ordinary type of carriage ladle which is towed. 
over the ingot moulds by locomotive crane ; 
Fig. 188 an excellent example of the employ- 
ment of electric propulsion, and Fig. 18c a 
ladle used for overhead casting. In all these, 
although the rods are not in position, duplicated 
stopper gear may be noted. 

Casting complete, before stripping, the ingots 
are left to solidify for a period dependent on 
their size and quality; 20 to 30 cwt. mild 
steel ingots may safely be stripped an hour 
after casting, but larger sizes, or stiffer 
qualities, should stand at least twice as 
long. 

Should an ingot stick so that it cannot be 
dislodged from the mould by brute force, bad 
temper, and a sledge hammer, it is taken to a 
stripper. Strippers are of many types, either 
in the form of hydraulic, ground fixtures or 
electric overhead crane auxiliaries, but all work 
on a similar plan—the ingot is held fast whilst 
the mould is pressed off, or vice versa. 

In many mills ingots are charged into reheat- 
ing furnaces whilst still hot and, whenever 
possible, these furnaces are built so closely 
adjacent, or parallel to the casting pit, that they 
are within the span of the stripping crane. 
There are cases, however, where owing to local 
conditions, they are situated some distance from 
the pit side. Now, curtailment of the time 
taken in stripping and conveyance is essential 
on account of the importance of conservation 
of heat. To this end the car casting system is 
adopted in many large plants. Moulds are set 
up on bogies and, the casting ladle being slung 
from an overhead crane, teeming need not, of 
necessity, be conducted beside the furnace. 
This considerably eases congestion, but is not 
universally adopted for, sometimes, the cars 
are run into a sunken road and filled from the 
ordinary ground type ladle. In either case, 
however, directly the ingots are stripped they 
are run direct on the bogies to the mill, but it 
is obvious that if inverted moulds are employed 
a second train must be supplied for the 
ingots. 


(CoNcLUsSION) 
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BLAST FURNACE PRACTICE 


By Percy C, R, Kinescorr, DLC AR CScy i Ce Bisc sQvonimy) 


LESSON XIII 


CALCULATION OF THE 
BURDEN 


SLAGS cannot be calculated from chemical 
laws; they are largely empirical. By long 
experience, furnace operators have discovered 
that certain ratios of lime to silica with vary- 
ing proportions of alumina and magnesia have 
certain effects under known conditions of fur- 
nace practice. For example, a ratio of bases 
to acid of 1-3 : I is usually suitable for foundry 
iron, 1°5 : 1 for basic iron, other grades lying 
between these ratios. 

If the phosphorus content be unimportant, 
the calculation of an ordinary slag is fairly 
straightforward. We have already seen .that 
for a given basicity the amount of limestone 
required by an ore is easily determined. It 
must also be presumed that we know the 
efficiency of the limestone or mixture of lime- 
stone and dolomite, as well as the available 
carbon and analysis of the ash of the coke or 
mixtures of cokes. In other words, it is abso- 
lutely essential to have every material properly 
sampled and analysed. In the olden days 
much trouble was caused by the rule of thumb 
methods of the operators who merely shrewdly 
guessed at the probable nature of the ores, etc. 
Nowadays, rigid analysis is an axiom. In 
burdening, it is necessary moreover to base the 
figures upon analysis ‘“‘as received,’ and not 
of the dry materials. 

It is customary to charge always the same 
weight of coke in each operation, this being 
limited by the size of the furnace hopper, 
charging apparatus, or personal views of the 
operator. The weights of ores and limestone 
are varied according to requirements. Having 
the weight of the coke charge and the coke 
consumption or ratio of ores to coke, the 
latter figures being generally obtained by 
experience, it is then necessary to calculate a 
mixture of ores and limestone which will flux 
to produce, with the coke ash, a slag of pre- 
arranged basicity. The operator must remem- 
ber that the sulphur present should pass away 
chiefly in the slag, the maximum quantity 
carried being seldom more than 2 per cent. 


He must, therefore, arrange his mixture so 
that the quantity of slag produced is sufficient 
to absorb the sulphur liberated, at the same time 
selecting his materials in proportions which 
will produce a required maximum percentage 


of phosphorus in the pig. Slags, as a general ~ 


rule, should not be less in quantity than 50 per 
cent of the weight of the pig-iron produced. 


BURDENING BY FURNACE 
INSPECTION 


To an experienced smelter, the appearance of 
the slag conveys much valuable information 
concerning its composition, the iron expected, 
and the temperature of the hearth. It also 
warns him of furnace irregularities which must 
be diagnosed and checked. Slags containing a 
large percentage of bases have a greyish blue 
granular appearance when cold. A high con- 
tent of lime generally causes the slag toslake, on 
standing for a while. A diminution in the 
quantity of bases causes the slag to take on a 
vitreous appearance which first shows itself 
as a glassy edge. As the acid constituents 
increase, the slag becomes glassy throughout, 
and the colour then shows whether the furnace 
be hot or cold. Cold acid slags are generally 
dark or even black, and show that the furnace 
is deranged by overburdening, shortage of lime, 
leakage of water, or by charging poor coke. 
A black calcareous slag also denotes a cold 
hearth, probably due to poor coke, furnace 
slipping, leakage of water or other causes. 

Siliceous slags tend to draw out into fine 
strings before solidifying; limy slags are short. 
The former slags tend to froth, whereas the latter 
sink quietly into the slag ladle. 

The operator, by noticing the conditions of 
the slag, the appearance of the gas and fume, 
the running iron, the condition ‘of the burning 
coke when viewed through the tuyere peep- 
holes, the blast pressure and other factors, and 
by then exercising his judgment, increases or 
decreases the burden, increases or decreases the 
limestone or basicity of the slag, alters the 
blast temperature, or alters the volume of the 
blast according as the trouble is temporary or 
lasting. 

It is obvious that the quickest remedy is the 
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alteration of the temperature of the blast, 
whereas changes in the burden or basicity must 
take time to show their effect in the hearth. 
When working with standard materials, bur- 
dening as described is sufficient, provided the 
materials used are constantly analysed and 
any serious variations immediately taken into 
consideration. 

When dealing with new problems in burdening 
introduced by strange ores, or those in unfami- 
liar proportions for the manufacture of fresh 
grades of iron, or in blowing in or damping 
down a furnace, it is essential to calculate the 
burden and then to correct the results by 
observation. 


THEORETICAL BURDENING 


It is first necessary to decide upon the propor- 
tion of ingredients of the mixture of ores which 
are available. This will depend upon several 
factors, such as availability and physical and 
chemical properties. Having decided upon the 
mixture, the average analysis can then be 
calculated, and also the amount of flux necessary 
to deal with this average analysis. This calcu- 
lation is done in precisely the same manner as 
that previously given for ore valuation, whereby 
the amounts of flux and coke are obtained. The 
basicity of the slag is assumed according to the 
grade of iron, amount of alumina present, and 
general conditions of working pertaining to the 
particular practice or furnace. 

There are other methods of burdening, such 
as predetermining the ratio of ores to coke 
_ mecessary to suit certain conditions. In this 
case, the ore mixture is made up in exactly 
the same manner, and the flux calculated as 
before. Care must be taken to allow the 
requisite amount of limestone for the coke ash, 
this being usually constant for a particular 
charge of coke of known analysis and for a given 
basicity of slag. 

It is general to allow a certain loss of iron in 
the slag and flue dust, but in good practice 
these losses are kept at a minimum, and owing 
to the carbon, manganese, silicon, sulphur, and 
phosphorus in the pig, the weight of the latter 
recovered should be at least 100 per cent of the 
weight of iron introduced in the ores and coke ash. 

The analyses of the slag from these mixtures 
are then set out and the mixture altered accord- 
_ ing as the alumina, sulphur, or other material 
content is wrong. 

Sometimes the ores are more than self- 
fluxing, i.e. where the material to be fluxed is 
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lime and not silica. For example, we may have 
ores and coke available with the following per- 
centage analyses— 


A B Coke 
Hess a 8 45 I 
CaO a tits) — I 
Al,O; 2 5 2 
SiO}, i LO 16 i 


Let it be assumed that the coke charge is 
5 tons, and that the coke consumption is 
25 cwt. per ton of pig. The coke charge will 
give 4 tons of pig-iron, which, assuming 100 per 
cent recovery of pig-iron, is equivalent to 4 tons 
of iron required in the ore charge. 

Using 3 parts of A and I part of B in the ore 
mixture will give an average iron content of 
33°75 per cent, and for the 5 ton coke charge, 
will take 8-89 tons of A and 2:96 tons of B. 

Assuming 2 per cent Si in the pig accounts for 
o'r71 tons of SiO, from the charge. 


Tons 
The total silica from ores and coke ash is 1713 
Silica reduced to silicon . 4 Z ae CuyAu 
Silica to be fluxed  . P ; 5 5 sy. 1e) 


With a ratio of lime to silica of 1-4 : 1, this 
silica requires 2-159 tons of lime. The lime 
available from the ore A and coke ash is 1:65 
tons, leaving 0-51 tons to be added in the form 
of limestone. At 51 per cent efficiency, the 
amount of limestone required is 1 ton per 
charge. 


SiO; LALO; CaO 

Ore A *889 178 1°60 
Ore B "474 +148 — 
Coke : *350 *100 *O5 
Limestone z — _- Bt 
Less OF tye — — 

I°542 +426 2°16 


=—- 


—— 


The total of these compounds in the slag is 
4-128 tons. Assuming this weight comprises 
93 per cent of the slag, allowing 7 per cent for 
magnesia, alkalis, etc., the percentage amounts 
of the above ingredients of the slag are as 
follows— 


Per Cent Ratio 
SiO, 34°7 
SOLA tds 96 Sat eee 
CaO ; : aoe SiO, 
Ete. 5 é ; 70 
100:0 
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Naturally, by lowering the proportion of ore 
B in the mixture, the use of limestone can be 
avoided, the mixture then becoming self- 
fluxing. This practice obtains in North Lin- 
colnshire and in the Birmingham district, 
Alabama. 

The ratio of ore to fuel depends upon judg- 
ment and is adjusted to what the furnace can 
be made to carry. Much depends upon the 
volume of slag to be melted, but the furnace 
performance, after conditions have been set, 
supplies the best information. 


DEVELOPMENT OF MODERN 
LINES 


The blast furnace recommended by Bell, in 
1840, had the following dimensions— 


Ft. In. 
Furnace height . 80 o 


Ft. In. 

Height of hearth 6 0 
Diam. of hearth. 8 0 Height of bosh . 18 o 
Diam. of bosh_ . 20. 0 Diam. of throat Ir o 

Angle of bosh . 72° 

and, as shown by Brassert, this shape, with a 
somewhat wider throat, was typical of American 
furnaces 40 to 50 years after. Since that date, 
boshes haye been lowered, the hearth diameter 
has been increased, but the furnace height and 
diameter of throat have not been altered to so 
great an extent. The angle of the bosh has 
in the meantime changed from 79° down to 
about 72° again and then, later, up to about 
80°. The dimensions of No. 4 furnace, South 
Works, Illinois Steel Company, as given by 
Brassert (A.I.S.I., 1914), are shown in the table. 
According to McKee (Proc. Eng. Soc., W. 
Penna, 1926, 41, 396), the furnace section has 
since deviated somewhat from its previous 
cylindrical tendency, in that the hearth and 
bosh diameters have been further increased. 
The lines of No. 5 furnace, 1924, Illinois Steel 
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Co., are taken from this paper as an example. 
(See Table.) 

Bell’s furnace dealt with rough ore, and was 
driven at a very slow rate with comparatively 
cool blast. With the lowering of the bosh, 
output increased up to a certain rate, but at 
this point, approximately in the year 1908, 
serious difficulties in operations arose owing to 
the flat bosh. The increase in hearth diameters 
which followed, coincident with increased blow- 
ing power, rendered much larger outputs 
possible, the steeper angle of the bosh removing 
many of the difficulties of operation. McKee 
attributes the smoother achievement of large 
outputs not only to these factors, but also to 
the improvements in blowing machinery and 
stove efficiencies and temperature. No. 5 
furnace is typical of furnaces which, using 
dusty ores, have a fairly large flue dust loss, 
through producing large outputs regardless of 
the expense of such loss. These furnaces are 
in some cases blown at 60,000 cub. ft. per 
minute. McKee states that the lines of the 
furnace of the Shenago Co. are typical of those 
furnaces which, although working fine ores, 
have a minimum flue dust loss, owing to blowing 
a less volume of blast which, however, is heated 
to a higher temperature than is the case of the 
furnace typified by No. 5 furnace. The 
Shenago furnace is blown at the rate of 38,000 
cub. ft. per minute at a straight line tempera- 
ture of 1,500° F., and produces 600 tons of iron 
per day with a coke consumption of about 
1,850 |b. per ton of iron. 


Mussey describes No. 1 furnace, Woodward — 


Co., Ala. (Trans. A.M.I.M., 1924), and Keenan, 
“C” furnace, Tata :Co., India-(/a.S i. secu 
1925), both furnaces giving large outputs with 
economical working in their respective practice. 


No. 4 No. 5 , 
Tinos Lllincis Shenago | Woodward Tata 
ft. in, ft. in. ft. in, | ft. in, ft. in. 

Height of furnace . : ¢ : 90° 0 92 fo} 94.0 go 8 role a 
Hearth diameter : 5 : é sy 8 20 6 19 6 LF, 6 vig f ° 
Bosh diameter . : : ; a 22.) 110 24S oer ws 2 bt ye ee Hs) 
Throat diameter ; j : 5 nity Ca) L771) 0 £606 16<)'0 16 0 
Bell diameter. : ; : : — I3 0 ee IS) 125 oO IZ 70 
Hearth height . ; : : é oy) 979 9° 70 RO sO 8 4 
Bosh height . ‘ ; ‘ : C2 eS 8) 10 8074 Tz) se ii 8 
Bosh cylinder height . ° Gh ees 17 44 Bip eke) 84 
Angle of bosh : 80° 80°32’ 80°r’ 79°45/ 79°6' 
Batter of stack . : E : . | }in. per ft. | 1in. per ft. | r}in. per ft.] 9 in. per ft. | 38 in. per ft. 
Top cylinder depth . , ; ' ZI 50 2 3 PG eli 18 7} LSS. 
Height of stack inwall : : 4 40 oO 43° 6 Sela — —— 


; 


BLAST FURNACE PRACTICE 


Modern British Furnaces. The trend of 
British practice as exemplified by four furnace 
plants typical of different home practice, is 
shown in a schedule prepared by Clements 
(Emp. M.M. Cong., 1924). The lines of these 
furnaces are given in the table below. 

It is felt among certain operators that a 
low, steep bosh and wider hearth are likely 
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to give smoother working of the furnace. 
There is a tendency also to obtain large 
outputs by the use of prepared materials 
and with larger blast volumes capable, if 
necessary, of being delivered at higher pressures 
than those, which, in older practice, were con- 
sidered the maximum for safe and economical 
working. 


Carnforth Co. Dorman Long Ebbw Vale Parkgate 
No. 1 Furnace “C”’ Furnace | No. 5 Furnace | No. 3 Furnace 
iti 1m di, sit. nee, Melia fits in: 

Height of furnace : ‘ ; j 80 oO Sonne 88 Io 7 0 
Hearth diameter : C é : 1d (53 Eye a0) 14 Oo cig C6) 
Bosh diameter . : 3 : : PO B 2 46 22O 20° 0 
Throat diameter . ; ; ‘ : E50 16 - 9 15 6 T2 Gg 
Bell diameter . - : - 3 9 6 ste ato} it 0 Cy) 
Hearth height . 5 fs . ou) LCoS) 9 4 Se 
Bosh height ; : : : : 13 6 14 6 L304. 130) 
Bosh cylinder height . ; ; : — — Gat =O —_ 
Angle of bosh_ . ; : : : vie We et 68° 
Top cylinder depth. : : A EOMO) LO, 10) 130 6 — 
Height of stack inwall 47 6 Bt 45 O 49 O 


(CONCLUSION) 
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MACHINE TOOLS 


By JosrrH G. Horner, A.M.I.MeEcu.E, 


LESSON XXI 
THE SCREW MACHINES 


THESE are provided with a turret, and have 
many other features in common with the turret 
lathes. The screwing machines are a wholly 
different class, used only for threading. The 
specific term “automatic”? without qualifica- 
tion denotes a particular group of screw machine 
designs only. But all screw machines are not 
automatic. The automatic turning machines 


Fic. 149. PLrain SCREW MACHINE 


are a more recent group, the functions of which 
are very restricted, in regard both to the range 
of operations and dimensions, but which are 
employed in a rapidly increasing extent for 
quantity production. 

The Plain Machines. Screw machines are 
divisible into three groups—plain, wire feed, 
and fully automatic. Each type is illustrated 
with photographs by the Brown & Sharpe 
Manufacturing Company. 

Fig. 149 is a plain machine, in which all 
work must be chucked by hand, either in 
the front, or from bar passed through the 
hollow spindle. It is a design of much utility 
within its own sphere, which is that of small 
pieces in moderate quantities. Driven with a 
3-stepped belt cone, it has back gears operated 
with friction clutches, which, with the simple 
belt drive, give twelve changes of spindle 


speeds direct from 35 to 545 r.p.m. in geo- — 


metrical progression, and six reverse speeds 
from the countershaft from 76 to 545 r.p.m. 


The frictions are put in with a lever in front — 


of the headstock, through a sliding collar and 
cams, which, when making engagement with 
one, releases the other instantly. 

The round turret has eight holes, each with 
its independent tool stop in a disc seen at the 
rear of Fig. 149. The feed of the turret is 
automatic, being communicated through a chain 


Fic. 150. Wire FEED ScREW MACHINE 


that comes direct from the spindle. For each 
spindle speed, eight changes of feed are obtained 
with cones of change gears, from -003 in. to 
‘034 In. in geometrical progression, per revolu- 
tion of spindle. These are controlled with the 
small lever seen below the headstock. The 
turret is fed with a rack down the centre of the 
slide bed, and is automatically clamped each 
time it is moved forward. The thrust of heavy 
cuts is resisted by a stop dog in the turret slide 
bed engaging with a rack on the bed of the 
machine. The cross slide can be clamped any- 
where on the machine bed. It has screw stops 
for both front and back tools, set with dials to 
half-thousandths of an inch. 

Wire Feed Screw Machines. A Brown & 
Sharpe screw machine of this type is shown by 
Fig. 150, and a section through its spindle by 
Fig. 151. The stock bar is held in the spring 
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collet at the front—entirely enclosed, and which 
has no longitudinal movement. It is closed 
with the encircling tapered sleeve, operated by 
the levers at the rear, which are thrust along 
by the collar A, slid with a lever that extends 
below the bed. The bar stock is advanced 
through the spindle by means of the spring 
feeding finger located directly behind the spring 
collet, and screwed to a tube that extends 
through the spindle to the rear, the wire feed. 
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progression, and three reverse from 573 to 1,400 
r.p.m. These machines are suitable for dealing 
with small and moderate quantities. They 
require no elaborate set-up, but must have con- 
stant attention. For very large outputs the 
fully automatic screw machines are preferable. 
They are much more complicated, but when 
once they set up they need no attention. They 
will perform all the operations done in the turret 
lathes—the tools being in the main identical. 


i, Ss 


SSS 


Fie. 151. 


The chuck is opened, the stock bar advanced, 
to the length required, and the chuck closed on 
the bar by the automatic action of the machine, 
the chuck and wire feed being operated in con- 
junction. But if a latch is lifted in the feed 
tube the feed will be thrown out. The cam seen 
at the left of the headstock in Fig. 150 actuates 
the feed, another cam, not seen in front opens 
and closes the chuck. The length of feed can 
be changed with a sliding block seen behind the 
feed cam. 

This machine is made in five different capaci- 
_ ties, with variations in the fitting of automatic 
chucks and cross slide details. The one shown 
in Fig. 150 has six changes of spindle speed, 
direct, from 150 to 1,400 r.p.m. in geometrical 
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HEADSTOCK OF MACHINE IN PREVIOUS FIGURE 


The Automatic Screw Machines. One hardly 
knows how to deal with this group, which would 
require a treatise for a full description. The 
photographs and drawings must largely explain 
themselves. Figs. 152 and 153 are front and 
rear views respectively of one of the Brown & 
Sharpe machines, and Fig. 154 is a section 
through the spindle, with figure references. 

It will be noticed that the turret is mounted 
with its axis horizontally. The object of this 
is to allow the tool in position to work closely 
in between the cross slide tools with the min1- 
mum of overhang, while the idle tools are in 
such a position that they do not interfere with 
the cross slides. This also permits of the use 
of a long bearing, since the taper shank of the ~ 


1476 


turret extends through to the rear of the slide. 
The turret is revolved with a roll engaging radial 
grooves in a disc attached to the turret shank. 


Fic. 152. AUTOMATIC SCREW MACHINE 


The effect is to produce an accelerating and 


retarding action, which results in rapid indexing 
without shock. It is automatically locked in 
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bed, Fig. 153. This shaft is belted from the 
overhead works, and runs at a constant speed, 
irrespective of that of the spindle. The move- 
ment of a lever at the front near the spindle 
stops the feed without arresting that of the 
spindle. All operations are timed or regulated 
from the camshafts on the front end of the bed. 
These are driven from the constant speed shaft 
at the rear through a worm, a worm wheel, and 
change gears, at the end of the bed. The 
change gears give the duration of the cycle of 
operations or the length of time taken to pro- 
duce one piece. The spindle is driven from 
overhead with changes produced with belted 
cone pulleys, for which a single pulley running 
at a constant speed with variations obtained by 
means of change gears are substituted. Twelve 
changes are obtained in geometrical progression. 
The operations of feeding the stock, reversing 
the spindle, and indexing the turret are regu- 
lated and varied with trip dogs mounted on 
carriers on the camshaft. The dogs actuate 
levers that extend through the bed of the 
machine to the rear shaft, where they connect 
to positive clutches. The tripping of a lever | 
engages the corresponding clutch, causing gears, 
or a path cam to revolve with the feed shaft. 
After the performance of a single operation the 
clutch is automatically released. The turret 
slide and cross slides are advanced to the work 
by the action of disc cams and levers. One, 
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Fic. 153. Rear oF AuToMATIC SCREW MACHINE 


position with a hardened taper pin in a hardened 
bushing. 

All feeds and movements of the machine 
other than the revolution of the spindle are 
driven from the feed shaft at the rear of the 


two, or three pieces of work may be completed 
in one revolution of the cams. The series of 
curves on the edge to make one piece will 
occupy the whole circumference, or will be 
repeated according to the number of pieces to 
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be produced in a revolution. The idle move- 
ments of withdrawing and advancing the tools, 
feeding the stock, and indexing the turret are 
independent operations schemed to reduce to a 
minimum the non-cutting time. 

Movements are timed positively by the direct 
action of cams, which have no lost motion. 
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again, with the certainty that parts from each 
batch will interchange. The turret and cross 
slide tools can be made to operate in conjunc- 
tion owing to the accuracy with which the cams 
are laid out, and the fact that all three cams are 
rotated at a constant speed. This co-ordina- 
tion permits of the use of various tools fed to 
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Fic. 154. THE SPINDLE MECHANISM 


1. Spindle. 14. Chuck fork sleeve. 

2. Chuck sleeve. 15. Chuck fork ring. 

5. Chuck nut. 16. Feed tube. 

6. Spindle front box nut—right. 17. Spindle pulley sleeve—right. 
7. Spindle front box sleeve. 18. Roller bearing. 

8. Spindle front box. 1g. Spindle pulley bushing. 


g. Spindle front box cap. 20. Spindle pulley adj. nut. 
. Spindle front box nut—left. . Spindle pulley. 
. Chuck lever fulcrum. . Clutch body. 


12. Chuck adj. nut. 23. Spindle pulley thrust washer. 
13. Chuck lever. 24. Clutch body bushing. 
The edges have to be laid out on steel discs, 


and machined to any regular or irregular out- 
lines. The preparation and the set-up are 
tedious, so that a large product is necessary. 
For each separate job, cams have to be rede- 
signed and dogs re-arranged. But once set up, 
the sequence of operations is entirely automatic. 
When work is duplicated at intervals, the same 
sets of cams can be taken from stock and used 


25. Clutch lever. 36. Spindle thrust washer. 

26. Clutch shoe. 37. Spindle nut. 

27. Clutch sleeve ring. 38. Feed tube collar. 

28. Clutch sleeve. 39. Feed tube nut. 

29. Spindle pulley sleeve—left. 40. Spindle pulley thrust wash. 
30. Spindle rear box sleeve. Spindle pulley nut—right. 
31. Spindle rear box. 41. Spindle pulley thrust wash. 
32. Spindle rear box nut. Spindle pulley nut—left. 
33. Spindle rear box cap. 42. Chuck lever fulcrum shoe. 
34. Spindle thrust nut. 43. Chuck closing tube. 

35. Spindle thrust washer. 


the work by the combined action of the turret 
and cross slides. Examples of this kind are 
swing tools for turning, knurling, thread rolling, 
behind shoulders or recessing within a hole, 
tools for turning tapers or cutting off at an angle. 

The Spindle Mechanism. Fig. 154 shows this 
in longitudinal section. The stock is advanced 
by means of the feed tube, No. 16, operated 
with cam mechanism—not shown, at the: rear 
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end. The cam is of the path type like that in 
Fig. 150. By means of a sliding block, the 
position of which can be varied, the length of 
feed is regulated by the aid of a scale, graduated 
to thirty-seconds of an inch, or to millimetres. 
The spring collet, which has no endlong move- 
ment, is closed by the internal taper on the 
sleeve 2, its grip being regulated with the adjust- 
ing nut 12. To change collets of different sizes 
the nut 5 is unscrewed and removed. The 
sleeve is tightened on the collets by means of 
the levers 13, actuated by the sleeve 14 with a 
ring andcam. The advantage of locating these 
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machine, or a motor, is an alternative in these 


machines which has been noticed in connection — 


with other types. The pulley makes 400 r.p.m. 
A friction clutch within the pulley, and operated 
with a lever at the front serves to start and stop 
the machine. A brake is connected with the 


lever, so that one movement throws off the 
power, applies the brake that stops the spindle 
and locks the driving mechanism. 

Subject to slight variations in different 
machines, the following is the method of trans- 
mitting power from the pulley shaft to the 
spindle. 


In Fig. 155—a cabinet design, the 
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Fic. 155. SPINDLE Driving ARRANGEMENT 


levers close behind the collet is, that it permits 
of using up stock bars close to the end. In 
the smaller machines, the levers are located at 
the rear, as shown in the small detail in Fig. 
154. 

The operation of the two pulleys, one for 
driving, the other for reverse, is effected with 
conical friction clutches. Levers, 25, prevented 
from longitudinal movement, and rocking about 
a central pin have their horns thrown over in 
one direction or the other by the lateral sliding 
of the steel-faced clutch sleeve 28, which thrusts 
one or other of the clutch cones 22 into engage- 
ment with its spindle pulley. The pulleys run 
on roller bearings. 

Machines with Constant Speed Drive. To 
abandon the belted cones on countershafts for 
changing spindle speeds, and substitute a single 
pulley running at a constant speed on the 


pulley shaft and spindle mechanism are enclosed 
in the base. Variations of spindle speeds are 
obtained with change gears. When the thimble 
A engages the constant speed pulley B, power 
is transmitted through the pulley shaft and 
change gears E to the sprockets D and G. 
The sprockets F and H are mounted on sleeves, 
and run loosely on the-driving shaft, and are 
driven with chains from D and G. The fric- 
tion clutch K, by engaging F or H, transmits 
power to the spindle-driving pulleys J and J 
which are pinned to the drive shaft. Two for- 
ward and two backward speeds, one fast and 
one slow for each combination of back gears 
can be obtained with a friction clutch controlled 
by trip dogs. Twelve to fifteen changes of 
spindle speed are obtained in different machines. 
The general construction of the machines other 
than that of the spindle is as previously described. 
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PATTERN-MAKING AND FOUNDRY WORK 


By J. McLacuian anv C. A. OTTO 


LESSON XIII 
MACHINE MOULDING 


CONSIDERABLE improvements have been made 
during recent years in the production of mechani- 
‘cal appliances for making moulds, and they have 
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Fic. 64. ALt-cast TURNOVER OR MartcH PLATE 


been instrumental in speeding up production 
and reducing manual labour. 

Primarily, moulding machines are designed to 
cope with work of a repetition character, and, 


Fic. 65. REVERSIBLE PATTERN PLATES 


with few exceptions, they are not likely to be 
economically employed unless the number of 
castings of similar design warrants the additional 
outlay in preparing a first-class pattern for use 
‘with a machine. The exceptions refer particu- 
larly to those machines that only ram the sand 
in moulds, and which are usually referred to as 


moulding machines. Generally, it may be 
assumed that ‘moulding machines are more 
applicable for repetition work, and the greater 
the number of castings required for any one 
design, the lower will be the cost per casting 
produced, because the high cost of pattern 
work, suitable for use on a machine, will be 
spread over a large number of castings and 
becomes less appreciable. 

In addition to greater speed of production 
from moulding machines, the resulting castings 
are more accurate, cleaner, and possess a more 
regular surface than is obtained from hand- 
made moulds. The reduction in the amount 
of rapping necessary, because of the accuracy of 
stripping appliances, reduces any variance in 
weight, between castings from the same pat- 
tern, to a minimum, and, as no patching is 
necessary, the castings are well defined and an 
exact counterpart of the patterns used. 

Types of Machines. Moulding machines may 
be classified as hand and power machines, and 
each class may be divided into various types. 
The operations performed by the machine are 
somewhat similar in each class. The hand 


machines, for instance, may be either hand, 
Invariably, 


press, or jolt-ramming machines. 


Fic. 66. ALL-cAST REVERSIBLE PATTERN PLATE 


each of these types has facilities for mechanical 
stripping by some form of lever appliance 
capable of being operated by hand, and, in 
addition, some can be fitted with turnover 
attachments and draw frames. 

The hand machines have a special value 
in that they do not involve the expense of 
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installing power plant and its maintenance. 
They can be operated economically and carry 
less overhead charges in comparison with power 
machines, and are useful when the speed of 
production will meet the need for castings. 
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and escapes are not only troublesome, but 
dangerous. 
demonstrated to be capable of doing efficient 
work under electrical power, and there seems 


every prospect of a profitable future for machines 


Fic. 67. HAND-RAMMING MACHINE 


1. Pattern plate 
2. Drag and cope 


These machines possess the advantages of 
power machines for small work, but, because 
more energy is expended by the operator, they 
are as a rule, slower. 

The power machines are operated by steam, 
pneumatic or hydraulic pressure, and more 


Fic. €8. HaND-RAMMING MACHINE 
(The General Foundry & Engineering Co., Ltd.) 


recently machines have been designed that are 
operated electrically. The use of steam is not 
now so prevalent as formerly. Machines that 
are operated with this power have the disadvan- 
tage of hot pipes in the vicinity of the operator, 


3. Casting 
4. Assembled mould 


so operated, because the consumption of power 
can be localized more satisfactorily. The 
majority of power machines are operated by 
either hydraulic pressure or compressed air. 

Pattern-plates. In order to obtain an 
increased output and great uniformity of 
castings of superior finish at reduced cost, 
much depends upon the pattern-plate. The 
machine may be used for ramming the mould 
or for extracting the pattern, or it may be 
designed to accomplish both operations, but, 
unless a first-class pattern is used, the machine 
is not likely to extract it without damaging the 
mould. 

Pattern-plates are rightly recognized as 
labour-savers, and have an enormous economic 
value in foundries concerned with repetition 
work. They are indispensable in the making 
of moulds with machines. A pattern-plate 
consists of a plate slightly larger than the 
moulding box with which it is to be used, and 
carrying pattern sections on one or both sides 
from which impressions can be taken to form a 
complete mould when the plate has been 
stripped. It is necessary to provide for the 
registration of the moulding box on the plate. 
This is usually done by means of pins. 


Some types of machines have been — 
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Although there are many forms of pattern- 
plates, there are but two main types, the turn- 
over plate and the reversible plate. The turn- 
over plate (Fig. 64) carries pattern sections on 
each side, the drag being prepared from one 
side and the plate turned over for preparing the 
cope. In some instances the pattern sections 
are secured to separate plates for drag and cope, 
and separate machines are used for preparing 
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or wood plates give the best service. Wood 
plates are used because pattern sections can be 
more readily secured to them, and modifications 
can be more easily made. The metal plate, on 
the other hand, is more rigid, and is more likely 
to retain its form. Metal plates are generally 
of cast iron, although aluminium is sometimes 
used, it being considerably lighter and not sub- 
ject to oxidation to such an extent as iron. 


Fic. 71. JAR-RAMMING MACHINE 
(Messrs. Macdonald & Son, Glasgow) 


each part of the mould. This is done to obviate 
turning over the plate when many moulds are 
to be made. The reversible plate (Fig. 65) 
carries the pattern sections on one side only, 
but they are so arranged that two impressions 
made will form a complete mould. In assem- 
bling the parts of the mould it is necessary to 
reverse them. This type of plate is very popu- 
lar for work that is symmetrical, or when it is 
not important which side of the casting is made 
in the cope. Pattern-plates may be of wood, 
metal, plaster, or a wax composition, for hand 
moulding, but, for power machine work, metal 


; 94—(5462) 


When the mould joint is flat, standard plates 
are used on which wood or metal patterns are 
fixed, and, whether a turnover or reversible 
plate is prepared, it is very important that the 
pattern sections are set accurately. The parts 
of the mould should complete the required shape 
correctly when they are assembled. Suitable 
runners are secured to the plates, and every 
effort made to dispense with tool work on the 
completed mould. 

The standard flat-plate is not suitable for 
work involving a varying mould joint ; for such 
work an all-cast pattern-plate is usually made. 
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To make such a plate a mould is prepared from 
a master pattern and, instead of the two parts 
of the mould being assembled in the ordinary 
way, the joint is raised to form the plate and, 
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as a moulding machine, this type is really a 
stripping machine, because the manipulation of - 
the sand is done by hand. Two representative — 
forms of this machine are illustrated. In that 


Fic. 72. Powrr-press MACHINE - 


when assembled and cast, moulds can be repro- 
duced from it. Either turnover or reversible 
plates are made in this way, but a special box- 
part or frame is necessary for the latter, because 
all the pattern sections must be cast on one 
side of the plate (see Fig. 66). 


Hand-ramming Machines. Although classed 


shown in Fig. 67, the moulding box is supported 
on adjustable strips, which can be moved to 
accommodate different sized boxes. The pat- 
tern-plate is secured to uprights controlled by 
the draw handle. After ramming the mould, 
the pattern-plate is lowered by operating the 
handle. 
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The machine shown in Fig. 68 has its pattern- 
plate raised or lowered by means of long con- 
necting rods, hinged to an intermediate part of 
the shafts at their upper ends, while their lower 
ends are connected with long cranks on a hori- 
zontal shaft. 

Hand-press Machines. The hand-press or 
squeezer machines are quickly operated, and are 
effective for small or shallow work. The press 
on the machine in Fig. 69 is operated by the 
lever at the side. In this instance the pattern- 
plate is maintained in a fixed position, the box 
being lifted, when stripping, by an arrangement 
of levers on the spindle operated by the lower 
handle on the side. A more elaborate form of 
press machine is shownin Fig. 70. The press is 
»-mechanically geared and operated by the star- 
wheel at the side. 

With all press machines of this type, a loose 
frame is used on top of the moulding box as an 
_ extension piece to enclose the quantity of sand 
to be pressed, and into which the press head will 
enter as the pressure is applied. When pressing 
the sand, it is necessary to maintain the pressure 
long enough to allow air to escape, as this makes 
the matrix firmer. 

Jar-ramming Machines. With the press type 
of machine the density of sand is greatest nearest 
the press head, and its effectiveness is, therefore, 
reduced as the depth of the work increases, 
_ unless the mould is pressed at intervals, which 
necessitates special press heads to suit the boxes 
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and work. This difficulty led to the use of 
jolt- or jar-ramming machines. The principle 
on which these machines operate is the jar 
produced by a falling mass suddenly brought to 
rest by impact against a stationary body. The 
jarring action gives the sand a greater density 
nearest the plate upon which the box rests, and 
the number of jolts determines the degree of 
density required. The jolts may be made by 
hand through the medium of a lever and cam 
arrangement, but hydraulic power or com- 
pressed air are more commonly used. A large 
machine of this type designed for ramming the 
sand only is shown in Fig. 71. The effect of the 
shock on the base is taken up by pressure 
cushions in the columns, and these reduce 
vibration and its evil effect on work near the 
machine. Machines of similar types have 
facilities for pattern stripping, and some in 
addition to this device, have an appliance for 
turning over. 

Power-press Machines. These machines, 
operated by either pneumatic or hydraulic 
pressure, are not likely to be displaced as they 
are both rapid in operation and practically 
free from vibration. A machine of this type 
and operated by hydraulic pressure is illustrated 
in Fig. 72. The table, to which the pattern- 
plate is fixed, has a large hole in its upper sur- 
face to give clearance for loose stools used for 
internal stripping. The ram is operated by a 
valve fixed to the swinging head. 
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!PUMPS: CONSTRUCTION AND MAINTENANCE 


By Owen A. Price, M.I.Mecu.E. 


LESSON XI 


COMPLETE CENTRIFUGAL 
PUMPING SYSTEM 


HavinG studied the behaviour of a centrifugal 
pump by itself, we shall now consider the per- 
formance of a complete system consisting of 
pump, piping, and accessories. 

When installed in a pipe line a centrifugal 
pump induces a rate of flow determined by two 


of the pipes and accessories, and also upon the 
quantity of water flowing. The head-quantity 
curve gives the whole range of output of 
the pump alone at the particular operating 
speed. 

When starting such a plant it would be usual 
to run it up to speed with the delivery valve 
shut, and then open the valve until the running 
condition is reached. At zero delivery, the 
head given by the pump must exceed the static 
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factors, viz. the resistance to flow in the system 
and the capacity of the pump against that 
particular resistance. Therefore, the same pump 
may behave differently in different pipe systems, 
or differently after an alteration to its own 
system. 

Behaviour of a Complete Pumping System. 
In Fig. 43 a pump output curve and a pumping 
system are shown contiguously. The vertical 
lift is represented as 100, but the gross total 
head against the pump depends upon the size 


lift, flow then begins as the sluice valve is 
opened, and the frictional head due to this 
flow has to be overcome in addition to the 
vertical lift. This supplementary head is propor- 
tional to the square of the pipe velocity (Lesson 
Il). Two conditions have been assumed, 
Case I in which the pipes and accessories 
are small, and Case II in which they are 
larger. For both cases the friction head has 
been set off above the upper static water-level, 
so that the ordinate below the particular friction — 
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curve represents the total head in the system 
at that rate of flow. 

With Case I the head absorbed by the valve 
during opening is represented on the diagram 
by the ordinate intercepted between the fric- 
tion curve and the pump performance curve. 
At A the sluice valve is full open and with the 
quantity then delivered the total head in the 
system is equal to the head given by the pump. 
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ACCESSORIES AND PRIMING 
ARRANGEMENTS 

The equipment for a centrifugal pump, Fig. 44, 
is similar to that for a reciprocating pump 
(see Lesson VI), except that air vessels are not 
required. A centrifugal pump is incapable of 
expelling air from its casing and suction pipe, 
therefore some form of priming arrangement 
is always necessary, and special care must 
be taken to avoid air traps in the suction 
pipe. 
When the pump is primed by filling with 
water a foot-valve L is always necessary, and 
this must be a freely opening type and provided 
with a large grating. The addition of a flush- 
ing lever M, to the foot-valve, is very useful in 
many cases. This lever may be used for 
emptying the suction pipe during periods of 
frost, or may be slightly raised for flushing the 
valve seat, if solid matter has become lodged 
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Therefore A is the operating point of the pump 
for Case I and, similarly, B is the operating 
point of the same pump for Case il. For 
Case I the quantity delivered is only three- 
quarters of that for Case II, and this difference 
is due entirely to the use of smaller pipes and 
smaller or less efficient accessories. 

The head against a centrifugal pump may 
consist chiefly of vertical lift, chiefly of pipe 
friction head, or of any other proportions of 
static and friction head, according to circum- 
stances, but in practically all cases the amount 
of friction head is an important factor in 
determining the operating point of a complete 
pumping plant. Excessive friction head may 
mean the association of an efficient pump with 
an inefficient plant. 


there. When pumping dirty water, objects 
sometimes become trapped in the foot-valve, 
thus hindering the closing of the flap and pre- 
venting priming and starting of the pump. In 
such circumstances the flushing lever avoids 
the necessity for lifting the foot-valve. 

The suction pipe should always be arranged 
so that a convenient joint above water-level 
may be disconnected, if necessary, and the 
foot-valve lifted without difficulty. 

The most suitable means for filling the pump 
will vary at different sites. Small pumps may be 
filled by hand, or by arranging a connection O 
from a water main, direct into the pump casing, 
or over the filling funnel F. If the delivery 
pipe is always full, a pipe EZ, with cock, may 
serve for priming or, alternatively, by-passes 
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C and D may be fitted across the sluice valve 
and reflux valve. 

Where troublesome foreign matter is expected, 
a foot-valve should not be fitted. In such cases 
a large strainer and bellmouth should be pro- 
vided at the pipe end, and other means adopted 
for charging. 

Another method of priming is by exhausting 
the air from casing and suction pipe so that 
water is forced up to the pump by atmospheric 
pressure. For this purpose either a hand 
operated or power driven vacuum pump is 
provided, or an air-exhausting steam ejector 
or other convenient means employed. When 
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priming by exhaustion, air must be prevented 
from rushing back through the delivery pipe 
by fitting a sluice valve A on the delivery 
branch, or by sealing the outlet in some way. A 
delivery valve also serves to control the dis- 
charge and allows of starting the pump with a 
very light initial torque. 

On no account may centrifugal pumps be 
started until properly filled with water, because 
the internal bushes depend upon water lubrica- 
tion and are likely to seize if the pump is run 
dry. With multi-stage pumps where there are 
many such bushes it would be disastrous to 
start the pump before priming. 

Where the head is great, or the pipes long, a 
reflux valve B should be fitted to intercept the 
return shock when the pump is stopped and 
thus protect the pump casing. 

Inspection doors N, on suction bends or near 
the impeller eye, are particularly useful when 
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drawing from rivers, drainage sumps, etc. 
Grasses and stringy matter often become wound 
round a pump spindle, or cinders, sacking, 
cotton waste or pieces of wood become jammed 
in an impeller. The inspection door permits 
the removal of such obstacles, and also facili- 
tates the necessary periodical examination of 
the impeller. 

Stuffing Boxes. The stuffing boxes for a 
rapidly rotating pump spindle differ from those 
of a reciprocating pump (Lesson V), and are 
usually employed to pack against vacuum and 
very light pressure only. To prevent ingress of 
air along the pump spindle to the suction a 
water seal is provided, consisting of a continu- 
ous ring of water round the spindle. In the 
best forms a bronze water seal ring (Fig. 45) is 
arranged within the packing and a throttling 
cock fitted to the sealing water supply. The 
stuffing box is then filled with loosely twisted 
hemp, cotton or flax impregnated with tallow 
and flake graphite, and the gland is lightly 
screwed up so that a small trickle of water leaks 
constantly from the gland. The sealing water 
is usually drawn from the delivery side of the 
pump (see Fig. 47), but when dirty water is 
being pumped an external clean supply is 
preferable. ‘ 

When pumping chemically contaminated 
water, which dissolves the grease in the packing, 
twisted hemp impregnated with white lead and 
graphite should be substituted for the ordinary 
type. 

On account of the high rotary speed, all 
stuffing boxes should receive regular attention 
and the packing should be renewed periodically. 
For the best results the’stuffing boxes and glands 
should be lined with gun-metal, because with 
certain waters the packing quickly becomes 
hardened by corrosion from cast-iron surfaces 
and is then useless and rapidly scores the spindle. 

Renewable Bushes. Good modern pumps are 
fitted with renewable bushes for all wearing 
points so that the pump*may be reconditioned 
at small cost and little inconvenience. The 
spindle should have gun-metal sleeves sheathing 
the portion exposed to the water,-neck bushes 
should be fitted to the casing where the spindle 
passes through, and the impeller shoulders 
should run in renewable rubbing rings. On 
multi-stage pumps renewable bushes should be 
provided at every stage for both spindle and 
impeller. 

Flexible Coupling. A centrifugal pump 
should be driven through a flexible coupling to 
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_ prevent the transmission of either axial or side 
thrusts from the driving motor to the pump 
spindle. The pin and pad type (Fig. 46) is 


usually preferable, the pads being of high grade 
MOTOR HALF 


PUMP HALF 


Aa 
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rubber lightly loaded or of leather discs for 
low speed heavy drives. Cheap grade rubber 
pads have a very short life, but pure rubber, 
properly bushed and on a 
correctly aligned coupling 
will last almost indefinitely. 

Foundation. A stiff deep 
section bed-plate is essential 
for a high speed pump. 
The foundation may _ be 
- light but with sufficient 
rigidity for preservation of 
accurate alignment of bear- 
ings and rotors. Special 
care is necessary in aligning 
the spindle when setting 
the pump down to its work, 
and if a flexible coupling is 
fitted the two halves should 
be truly aligned. When 
completely erected the whole 
rotor should turn easily by 
hand or trouble will be ex- 
perienced when full speed is 
reached. 

Piping should always be supported indepen- 
dently of the pump, or the weight of the pipes, 
_ especially when filled with water, is liable to 
distort the pump casing and cause excessive 
internal wear and to throw bearings out of 
alignment. 
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PIPING 

The utmost importance must be attached to 
a simple layout of piping, pump, and acces- 
sories. All pipes and accessories should be of 
large bore to permit moderate water velocities, 
and to absorb as little friction head as possible 
(see Fig. 43). Bends should be of large radius 
and as few in number as permissible, so that 
circuitous piping is avoided and direct leads 
obtained. On the suction side of the pump this 
is doubly necessary, and every effort should be 
made to place the pump as near to the water 
as possible in both horizontal and vertical 
directions. 

The maximum practical suction lift for a 
centrifugal pump depends upon the quality of 
the water, and the arrangement of the piping 
more than upon the pump, but the lower the 
suction lift the better in all cases. Pumps may 
work with 28 ft. vertical suction lift and 32 ft. 
on the vacuum gauge, but no responsible maker 
could recommend such practice. A slow- 
revolution pump can operate at higher suction 
lifts than a quick revolution pump, and a large 
pump at higher suction lift than a small one. 
If the water is warm, or is highly aerated or 
gaseous, the permissible suction lift would be 
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much reduced. For quite small pumps 6 to 
to ft. suction lift is sufficient, 12 to 18 ft. for 
medium sized pumps, and 20 to 22 ft. for large 
slow speed pumps. 

The profile of the top of the suction pipe should 
incline upwards all the way to the pump, and 
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the number of pipe joints should be as few as 
possible and very carefully made. Preferably, 
the entire suction pipe should be tested to a 
pressure of 30 lb. per sq. in. to ascertain that 
everything is quite tight. A leakage of 1 per 
cent (by volume) of air may reduce a pump 
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centrifugal pump is shown in Fig. 47. The 

casing is of the split type, referred to under 
Fig. 28E, and the pump is provided with a 
flexible coupling, water seals, and renewable 
bushes, as previously described. Such pumps 
are made with branches from 2 to 30 in. 
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delivery by 20 to 25 per cent, and a slightly 
greater volume will break the suction column 
and stop the pump altogether. 

The submergence of the pipe end should be 
2 to 3 ft. to prevent the cores of surface eddies 
entering the suction pipe and admitting gulps 
of air, also plenty of free space should be allowed 
all round the pipe end. 


PRACTICAL EXAMPLES 
A typical modern motor-driven single-stage 


diameter, and are suitable for any output up — 
to 30,000 gals. per minute against heads up to 
300 ft. 

An example of a multi-stage turbine pump 
with guide vanes is shown in Fig. 48. In this 
type the casing is built up in rings, each of 
which contains an impeller and guide vane and 
constitutes a “ stage.’’ Pumps of this class are 
standardized for outputs from 25 to 1,500 gals. 
per minute against heads up to 3,000 ft. of 
water. 


(CONCLUSION) 
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MATHEMATICS FOR ENGINEERS 


By W. G. BicKLey, M.Sc. 


LESSON XXIX 


EXPONENTIALS AND LOGARITHMS 


Growth and Decay Problems. In practically all 
branches of science and engineering, we meet 
from time to time with growth and decay 
problems, all characterized by the fact that the 
vate of growth or decay depends upon the actual 
value of the growing or decaying quantity. 
Sometimes (and with organic growth this is 
usually so) the law is complex, but very com- 
monly it is simple—the rate is proportional to 
the quantity. Thus, if we consider the way in 
which the tension in a belt “‘ grows’ from the 
_ slack to the tight side, we find that, if T is the 
tension at any point, the angular distance of 
this point being 6 (radians), and the coefficient 
of friction uw, then 
: ar 
Rage 


Newton’s law of cooling states that the rate at 
which a body cools is proportional to the.excess 
of temperature above that of its surroundings, 
or, if 9 is the temperature excess, and ¢ is time, 
a0 
7 eae kO 
where & is a constant depending upon the 
“emissive power” of the surface of the body. 
Again, when an electric current is switched off, 
the current does not die away instantaneously 
if the circuit contains inductance; if RF is its 
resistance, and L the coefficient of self-induc- 
tance, and 7 the current, 
Lo + Ri = 0, 0r 5 = sei. 
The discharge of a condenser, whether quickly 
through a small resistance, or slowly through 
a large ‘“‘leak”’ resistance, is found to obey 
the law 


q being the charge at any time, ¢, C the capacity, 
and FR the resistance. The chemist finds that 
his reactions do not occur instantaneously, but 
that the rate is proportional to the amount of 
substance still unchanged—the same law. In 


Compound Interest, the interest is proportional 
to the amount, which is a similar case, except that 
the amount grows by steps as successive instal- 
ments of interest are added year by year or 
quarter by quarter. On account of this similar- 
ity, the law of growth we have seen to be com- 
mon, i.e. when the rate of change is proportional 
to the quantity growing, is often termed the 
“Compound Interest Law.” It will be seen 
that in all the above instances the formula is 
of the type 
d 
- =I0V * A ales 


where a is a constant. We seek a formula for y 
that satisfies this equation. 

Solution of the Equation. A first attempt to 
solve this equation would be to invert, and 
write 

dx I dy 

Ape Gye Gk =e 

yy 34 
Our endeavours to integrate the right-hand side 
are not successful, for this is the case in which 
the rule for powers breaks down, the value 


0 
given by the rule being = which appears to be 


infinite, and is certainly unintelligible as far as 
numercial calculation is concerned. We must 
therefore discover a different method of attack, 
and it will be convenient, at the same time, to 
take the simplest form of the equation, i.e. that 
when a = 1. We proceed to find a formula-for 
y if 

d 

eg LAG) 


Of course, we shall need to know the value of 
y at the start, and it is sufficient to let y start 
by being x. (The bank clerk works out his 
interest from tables giving that on £1 or £100, 
by multiplying that per pound by the amount 
he is calculating interest upon. Similarly, if 
two quantities obey the law (2), and one starts 
by being 3 times the other, it will grow 3 times 
as fast, and so will always be 3 times as big. 
By a similar argument, if we can find the formula 
for y in (2), starting with the value I, we can 
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obtain the formula if it starts with any other 
value, denoted by yo, if we multiply throughout 


by Yo-) | 
Now if y starts at 1 and grows, 
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x4 


_ dy 
term and consequently ina 


2X3x4 0% 
and so on, for ever. 
We can now collect the results, and exhibit 


ee Si ged reas ay eet the way in which term after term was obtained 
the dots indicating something yet to be found, by the arrows— 
a x xf x? : xs 
DROS GIT ge ee Se 2X 3XGX5 2X3 % aCCO 
. ahs! Bae) | ae | a ib 
de ae a eee 2X3 - Bes as a Sau Nove GC if 


But if . is going to be equal to y, we must also 


have 


dy 
hy GS: 


This gives us a clue to the extra something in 
a 
the y formula for the z in — did not come from 


differentiating the r in y. It must therefore 
have come from differentiating the “ something.” 
But I is the result of differentiating x; there 
must have been an x in the “something.” 
Hence 


Y=I+ud+. 
ve 
But ax 18 to be equal to y, so that 


dy 
ee gl 


Again, the x in & 
Again, the x in qx Could not have come by 
differentiating the part of y we have already 


: LA ree 
found ; x comes from differentiating 3 80 that 


ve 
there must be an 3 my. Thus 


oa 
8 a in 62 aes ate 
and then 
dy x 
ae eee 2 ee 


x. ay : x3 
The 2 nz, necessitates a term Doce 


in y—and 


. ay ce ; 
therefore in oP: this in its turn necessitates a 


It is usual to complete the denominators by 
the factor 1 at the beginning, and they are then 
“ factorials,” as already met with in the formula 
of the binomial theorem. The result can then 
be written more concisely. We may also, in 
doing this, put in the factor y», the initial value 
of y if not unity, and then our result can be 
stated— 


xt x? 


x? x3 
then Y= Yo Fe 55 ah 
+2 2 ae) seen 


where the law of the series must be evident. 
It may be objected that a series that goes on 
for ever is not much use for calculation—that 
life is too short to start doing a thing we shall 
never get to the end of—-but that is not true. 
It must be evident that the denominators 
mount up rapidly, so that the terms will decrease 
rapidly. We shall use the series for calculation 
in the sequel, and it will then be clear that it is 
possible to derive numerical results from it. 
Our next task is to bring in the “a” we omitted 
in (1) to obtain the simpler (2). To do this we 


dy . 
follow exactly the same process, but as ~ is to 


be equal to ay, we must multiply every term of 
y when found by a, before putting it as a term 


- y ; 

in 7 This means that for every downward 
arrow, we multiply by a. The process then 
appears as 


atx? a3x8 atx! 
YI EU tts es ae 


VNC 


dy _ ? ¢ asx asx 
ae a+ a% + = + 2x3. 


me cea 
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where we have gone far enough to see that a 
occurs in each term of y raised to the same 
power as x; in other words, the series is the 
same series, but with (ax) in place of x. Putting 
in the starting value y, again, this second result 
(which, of course, includes the first) may be 
stated— 


Be. dy 
if ae 8Y? 
‘then, =yof3 ey + a 
(ax)* 
— 4! «eee . . jo el 


Now to use this series in a numerical case. 
_Let us take that of the belt and pulley, where 
= 0-2, and the angle of lap is 7 (radians = 


180°). Then, we know, 
dT 
pies 
so that, if T, is the tension on the slack side, 
6)? 6s 
T=Ty(x+ (n+ OP +H 


To find the tension on the tight side, we must 
put 0 = 7, and nO = 0-27 = 06284. Thus 


062842  0-6284% 
Ta 2 (F + 076284 + — FF <i 


pee 2) 
== g (1 + 0°0284 -+ 0-1972 + 0°0414 
+ 0-0066 ++ 0-:0007) 


= 2874 ..Ty | 
We see the terms diminishing rapidly, as was 
predicted. 


It must be admitted, however, that to calcu- 
late by means of the series would be laborious, 
though the values might be tabulated as are 
logarithms, sines, etc. There is, however, 
another way round, and this is suggested by the 
way in which compound interest is calculated 


aT 
for long periods. Still considering Gq = LT, 
we have 
eee 
oT = 7p 09 = vT . 06 
whence 
T+ 6T = T+ pT .60 = T(t + nw. 06) 
showing that in a step 60, the tension is multi- 
plied by the “ growth factor” (t + w.66). For 


n steps, it is multiplied by this factor m times 
in succession, i.e. by (I + .66)”. 


Thus. T, = T, (i + w. 66)". 
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(This is, of course, approximate, but will be 
better and better the smaller the step.) First, 
take 10 steps, when w.60 = on ot 
= 0:0628.., and so 
0:02644 (log. 1:0628) 
T, = Ty, (I + 0:0628) =a 
= D-OS Owe ha liy 2644? 


We have used 5 figure logs., but the fifth 
figure in the log. is uncertain after the multi- 


plication. If we try 100 steps, we find 
000266 (log. 1:00628) 
T, = T, (00628)? aie 
= 1845 . .Ty 0:266?? 


and we can only rely upon 3 figures in the 
result. We do, however, see that the result is 
tending towards the result obtained from the 
series, but log. tables will not enable us to find 
the limit when 69->+0. The arithmetic is 
distinctly shorter, and if we can combine the 
accuracy of the series, we shall have a usable 
result. 

To do this, we apply the “ growth factor” 
method to equation (2), obtaining 


‘ 


d 
by = Fox =y . dx 


y+ dy =y +y.6x=y (I + 0%) 
so that, form steps, _ 
¥Y = Yo (E + 9x)". 
% 
But, if we go from o to x in m steps, m = 5x 8° 
x 1 
ee bx — 6 6x % 

y = No (E + 6x) = Vy 7 (E104) toot) 
We have now an expression, that in curly 
brackets, which contains 6x only, and we must 
find out what happens to it as dx—>o. The 
student may verify the following values— 

Ox } orl 


0-02 o-oorl 


I 


(x + 6x)o* 2°69.. 


We still find that log. tables are insufficient to 
find the value to which these tend as 6x > 0, 
but we see that there is a definite number, just 
over 2-7, as the limit. This important number 
we shall denote by e (and soon we shall find 
its accurate value) ; and so we can rewrite (5) 


V=Ie* - . <, BAG} 


2°44..|2°59.- 275 oe 
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Now compare (3) and (6), which must be the 
same thing, and obtain the very important 
result 


ele bee ee 
ef Sipe oat ee (7) 
This series enables us to calculate any power of 
e without (necessarily) using logarithms, and e 
is the only number of which we can calculate 
any power without the help of logarithms. It is 
thus a natural base for logarithms, and we shall 
see this side of the usefulness of e later. At 
present it is more important to notice that it 
enables us to find e itself, by putting + = 1 
in (7), 
I I 


I 
oti tai on 


_ Keeping 5 places of decimals, the calculation 
is 


I 1*00000 
E I-00000 
I 

a +50000 
I 

at *16667 
I 

re “04107 
1: 

a -00833 
I 

ral -00139 
I 

ss -00020 
I 

SI -00002 

2°71828 


i.e. we can take, for practical work, e = 2-718 (3). 
To return once more to our numerical example, 
we must have 


"4343 (log. e) 
T, = Tye! = T ye'828! "6284 
= E875 oF, woe 
agreeing with the original a 
result obtained from the 7 
series. 
2729 


Comparing the series in (4) with that in (7), 
we see that it is e*. We may thus write the 
result of our investigations on the equation of 
“ growth problems.” 
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dy 

f = = ay, 

I dx ci 
Then Sa nea 


EXERCISE No. 44 


1. Use the series to calculate to 4 places of decimals, — 
the values of e%?,. 29-3, 29-4, ¢%:5 and ¢7%8, Verify that 
the following results of the index laws hold for your 
numbers: ¢%2 x e0-3 = ¢%5+ 20.4 — (e%2)2 ; 
r/e%3 ; 0-5 — Ve. 

2. Draw graphs of e* and e~* from ¥ = — 3 to x = 3, 
Also, on a larger scale, the graph of e-” from x = o to 
*% = 5. (The last is the standard decay—or “ die- 
away ’’—curve.) 


DIFFERENTIATION OF 
EXPONENTIALS 
It is an easy step to the rule for differenti- 


ating e*. If) = I, we can write the previous 
result backwards, thus 


e708 = 


: d 
if y =O, then “ =n Ce 


giving us the result sought. It will be seen 
that to differentiate e*, we have to multiply 
by a—the simplest rule of differentiation there 
is. For instance, - 


d 
if Viet Oa ~ == Oa: 
if y= GX, a a Ved % 
: a 
if Vie oe a =2 306 zee 
and so on. 


We give a few examples, involving products, — 
etc, : 


I. Ve= 3476" 
By the rule for products, 


d 
~ = 6x + 3267, - 


29S == Fe" sin of 
ds : 2: 
H = 5-(- 26) sin 3t + 5e* . 3 cos 3¢ 
= 5e (3 cos 3t—2 sin 32). 


DIFFERENTIATION OF 
LOGARITHMS  — 


Having had x in the index, and having 
obtained the appropriate rule for differentiation, 
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the next step is to find out how to differ- 
entiate a logarithm. The rule when found 
will be useful for its own sake, but even 
more as leading to a very important formula in 
integration. 

If y = log.x, we must have, by the defini- 
tion of a logarithm, 

x =e" 

Consequently, by the rule of the preceding 
section, 


dx 
ay Sn 5 
Therefore 
ayn E 
GK 
' , dy 1 
—1e. ify = log, x, rapa 


Note that this simple rule is only true for 
logarithms to the base e—we saw reasons for 
thinking that e is the natural base for logar- 
ithms, in the last lesson, and the simplicity of 
this rule is another reason. If we do want to 
differentiate logarithms to the base 10 (¢ and 
10 are the only bases used outside textbooks of 
mathematics) we have 


if y = 10g19% = 0°4343 logex 
dy I 0°4343 
Pee ts A x 
which is a much less simple formula. 
We will use this formula, however, to find the 
difference, for 4 in the ordinary log. tables 
opposite to 5-5. Putting y = logy9%, we shall 
eas 5 0°4343 
% ik 
agreeing with the differ- 


‘then 


have dy = 


0°004 = 0-0003I . . 
ence in 5 figure tables. 

If we have a logarithm of a function of ~, 
such as log,(x? + 2% + 5), we put u = x? + 2% 


dy 
aot = 


ie Soa du 
ty=1 . Then = = — and — 
+5, so that y og ,u en Fineness an oF 
—2x+2. Consequently 

dy dydu 1 du 2x + 2. 


ee 


We can pick out of this example, the general 
rule for differentiating the logarithm of any 
function ; it is 

, Re ee a du 
ify = log.u, then = & 


or in words, the differential coefficient of a 
logarithm is the differential coefficient of the 


1493 


quantity divided by the quantity. Thus, if 
ped: cos 0 

y = log, sin 0, = = ae 6. As a par- 

ticular instance of this, that will be employed 

“ backwards ”’ in integrating, 


: ; ad a 
y Be (ax + 6), = rae 


INTEGRALS INVOLVING 
LOGARITHMS 


By inverting the rule for differentiating a 
logarithm, just found, we derive a very impor- 
tant integration formula 


I dx 
Ps dx%or | = [log x] 


EXAMPLES. 


* dx i 
cies log | 
uv 2 


= log 5 — log ,2. 
At this point there are several possibilities. 
If we have a table of logarithms to base e 
(natural or hyperbolic or Naperian as they are 
termed), we may look up the logarithms at 
once, and get the result 
16094 — 0°6931 = 0-9163. 

If such a table is not handy, we remember 
that log,N = 2:3026 logyN, and get the 
result 

2°3026 (logi95 — logy92) = 2°3026 (0°6990 

— 03010) 

= 23026 X 0:3980 = 0-9164. 
There is yet another possibility. By the laws 
of logarithms, the difference of two logar- 
ithms is the logarithm of the quotient of the 
numbers ; so 


log 5 — log.2 = log. > = log,2°5 


and tables give for this 0-9163. 

The last of these methods has much to recom- 
mend it, especially when the quotient can be 
exactly expressed. 


CONCLUSION 


In the space at our disposal we have attempted 
to give an account of the essentials of Mathe- 
matics, as needed by the engineer, and also to 
show how the mathematics is applied to various 
practical problems. It cannot be too strongly 
urged that it is the ability to apply mathematics 
to practical problems that is important— 
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though to do this without a knowledge of 
mathematics is manifestly impossible. With 
the knowledge gained by the study of these 
articles, the student should go back to the 
mathematical portions of the earlier technical 
articles, and see that he understands them. If 
he needs further assistance, and examples of 
the application of mathematics to engineer- 
ing problems, the author of these articles has 
written a little book on Engineering Applica- 
tions of Mathematics, published by Pitman’s at 
5s., and he will find them there. 


EXERCISE No. 45 

1. Differentiate the following expressions— 
se" 5 26° 5 eos ax; He: log, (3x 2) log as 
log, tan 0; log, (v* + 3% + 2); # log, x. 

2. Writing y = uv, where u and v are functions of 
x, taking logarithms of both sides, and differentiating, 
prove the formula for differentiating a product ; apply 
the same method to a quotient. 

3. The speed of signalling in a submarine cable is 
proportional to +? log,x, where x is the ratio of the 


diameter of the core and in insulation. Find the 
value of # which makes the speed a maximum. 
4. Given that y = 5-5 is an approximation to the 
solution of the equation log, 7 + oh 2, find a closer 
ii 
approximation. 
5. If 0 = e--4t sin mt, find the smallest value of ¢ 
for which the expression is a maximum. 
"dx : 
2% + 3” 
2 


6. Evaluate— 
10 
5 dx. 
Hor 
2°5 


4 200 
dx | 500dx 
x" Vie 
2 100 
1 
dx 
7. A gas expands from 2 cub. ft. to 10 cub. ft. under 


uv 3-2%° 
o5 
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the law pv = constant, the initial pressure being 
120 1b./sq.in. Find the work done. 

8. The swept volume of an engine cylinder is 
1-2 cub. ft., cut-off is at 4 stroke, supply pressure 
go lb.-sq.in., back pressure 151b./sq.in. Find the 
work done per cycle neglecting all losses, and with 
hyperbolic expansion. If the diagram factor is 0-9, 
find the I.H.P. at 120 r.p.m. (double acting). 


ANSWERS TO EXERCISES 42, 43, 44, AND 45 


(42) 
T 
I. 0°3420; 0°5924 ; ay —0'5196, 
: I 
25 = — be (18 cos amt + cos 6rt) ; 
I ; . 
i 36n2 (54 sin 27t + sin Ort), 


(43) 


t S(2n iy eet = (wf 22) ~2 Sin 0 cos 8; 


5 sin cos 0; sin@ + Ocos 6; —cosec?@; —cosec O cot 6; 
2 : 4% ss m® sin 0 cos 0 
~ (w+ ap’ G+ 1)?" (1 —n? sin 26) 14 
2.% =b/ v/2. 


(44) 
I, 1°2214; 1°3499; 1-4918; 1:6487; 0-7408. 
(45) 
Ir. 156"; —12e-; _ 26-2 (cos oe 1 sin 2H); 
2te-2t(r — ft); See By I ee : 
Pah ag) 34+ 2° %’ sin@cosO 2: Sone 


2 5 
SS # (3 log, x +9) 
oh eS = 0:6065... 
Y == 5-6951 os 
ah —=0:4507 50 tO 2Ee 
- 0°6932; 346-6; 13°86 ; 0:3095; 0-3466. 
- 55,620 ft.-lb. 
. 8,287 ft.-lb.; 54:2. 


OW DAU 
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THE TESTING OF PRIME MOVERS 


By R. Royps, M.Sc., M.I.Mecu.E. 


LESSON VIII 


THE TESTING OF INTERNAL 
COMBUSTION ENGINES 


THE term “internal combustion engine’’ is 
almost self-explanatory, and includes coal gas 
and producer gas engines, as well as the similar 
engines usually classed as oil or petrol engines. 
Asa rule, a reliable estimate or measurement of 
the indicated horse-power for such engines is 
_-more difficult than in ordinary reciprocating 
steam-engines, but the brake horse-power can 
be measured with a fair degree of accuracy if a 
suitable form of brake is used. The readings 
observed during a test will depend upon the 
object or purpose of the test. If the object of 
the test is to determine the thermal efficiency 
under specified conditions, the amount of fuel 
used and the caletific value of the fuel would 
need to be obtained as well as the brake or 
indicated horse-power. 

Measurement of Fuel Consumption. The 
method adopted for measuring the fuel-would 
depend upon the character of the fuel. Coal 
gas or producer gas is usually measured by a 
gas meter arranged in the manner shown in 
Fig. 39, where £ represents the engine cylinder 
and M the meter. The gas supply enters the 
meter at A. Between the meter and the engine 
the gas should pass through some form of anti- 
pulsator D to prevent excessive fluctuations of 
gas pressure at the meter and in the supply 
pipe A, especially if coal gas is used. The 
temperature of the gas can be measured by a 
thermometer T passed through a cork accom- 
modated in a suitable T piece as shown. The 
gas pressure would be measured by a water 
manometer as at G in conjunction with a reading 
of the barometer. In a single cylinder four- 
stroke engine, especially if governed by the hit 
and miss method, the reading at G would be 
found to fluctuate or pulsate, and an average 
reading would be noted. If coal gas is used and 
the engine has hot tube ignition, the heating 
gas for the hot tube would be taken from some 
connection, such as shown at C. In important 
tests the meter should be tested against a 
standard gasometer either before or after the 
tests. 


The calorific value of the coal gas would be 
determined, preferably during the engine test, 
by burning gas in the ordinary way in a standard 
form of gas calorimeter. With producer gas it 
would be necessary to collect gas from the 
supply pipe at a uniform rate during the test 
in a small gasometer. The calorific value of the 
gas would then be obtained by burning the gas 
in the calorimeter. Because of possible varia- 
tions of gas pressure and temperature, the gas 
consumption and calorific value are usually 


Fic. 39. CONNECTIONS BETWEEN GAs METER 
AND ENGINE 


corrected to the standard pressure of 30 in. 
barometer and temperature 60° F. by aid of the 
well-known gas laws. 

If the engine uses producer gas, the test might 
be required to include the producer in order to 
determine, say, the fuel consumption of the 
plant under definite conditions of load. To 
determine with reasonable accuracy the coal 
consumption of a gas producer is even more 
difficult than that of a boiler. The reason for 
this is the difficulty of keeping constant condi- 
tions in the producer itself, with particular 
respect to the amount of ashes, clinker, etc., 
contained in the producer. If the producer 
can be placed complete on a weighing machine, 
and connected to the scrubber through a water 
seal pot, the estimate of fuel consumption is 
more rapidly obtained. If the temperature of 


1496 


the producer is reasonably constant before the 
test begins the decrease in weight of the pro- 
ducer during the test represents the weight of 
combustible, mostly carbon, used in making the 
gas, supposing no fuel is added and no ashes are 
withdrawn during the test. In the ordinary 
arrangement of gas producer, however, probably 
the best that can be done is to keep the pro- 
ducer full and withdraw ashes at an agreed 
upon rate based on previous experience with 
the class of fuel used. The fire should be poked 
occasionally to try to ensure that no holes are 
left in the bed of fuel. The longer the duration 
of the test the less is likely to be the error 
resulting from changes in the quantity of fuel 
in the producer. 

The fuel could be measured before firing into 
the producer by methods similar to those used 
in boiler tests. 

Some of the gases collected for the determina- 
tions of the calorific value could be used for 
analysis if required. Samples of the exhaust 
gases from the engine could be similarly with- 
drawn or collected for analysis. Such an 
analysis of the exhaust gases shows the charac- 
ter of the combustion in the engine, and, pro- 
vided the analysis of the fuel gas has been 
obtained, an estimate of the air supplied to the 
engine can be determined by calculation based 
on the analyses and the known laws of chemical 
combination between the oxygen of the atmo- 
sphere and the carbon and hydrogen in the 
gas. 

The air supply to an engine may be measured 
directly by passing the air through a meter or 
through a calibrated orifice. In this arrange- 
ment a large flexible bag or anti-pulsator should 
be placed between the meter or orifice and the 
engine so as to reduce the effect of pulsations. 

The most accurate method of measuring oil 
fuel is to weigh out a definite quantity of the 
oil to last, say, ten to twenty minutes on full 
load. The oil would be poured or drained into 
the fuel tank supplying the oil to the engine, 
taking care that all other sources of supply 
were effectively cut off or blanked off during 
the test. A gauge glass on the side of the fuel 
supply tank might be used to indicate the oil 
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level unless the oil were very dark coloured and 
viscous, for then it might be difficult to see the 
level of the oil exactly when the tank is empty- 
ing. The level of the oil in the tank at the start 
of the test would form the standard level and 
the time at which the standard level was 
reached after each weighing would be noted. 
Thus, the total oil used up to any of these 
periods in the test would be known. 

Calibrated measuring tanks might be adopted 
for the measurement of the oil consumption, 
fitted with large gauge glasses on the side to 
show the oil level. After switching over from 
the ordinary supply tank to the measuring tanks 
the oil level in the supply tank should be noted 
so as to make certain that no oil was being 
supplied to the engine from this tank during the 
CESEs 

Similar methods would be used in petrol 
engines, but in that case the fuel supply tank or 
the measuring vessels should be fitted with a 
nearly air-tight lid. A similar cover should be 
placed at the top of each gauge glass. Tight 
fitting lids or covers would need a small hole in 
each cover to supply air as the vessels emptied, 

If the thermal efficiency of the engine were 
required the calorific value of the oil would need 
to be measured. For this purpose an average 
sample of the oil used during the test would be 
obtained, and the calorific value would be 
determined in much the same manner as for 
coal. An analysis of the oil might also be 
required from the sample collected. If the 
exhaust gases were also analysed the amount 
of air supplied to the engine for combustion is 
calculable, and the exhaust gas analysis should 
also give some idea as to whether or not the 
combustion was complete. 

Those who are also particularly interested in 
the testing of locomotives, motor-cars, refrigera- 
tors, air compressors, fans, water turbines and 
pumps, should refer to the book mentioned on 
page 1327. Reference may also be made by 
those interested in hydraulic power plants to 
the 1924 Report of the Joint Committee of the 
Institutions of Civil and Mechanical Engineers 
on “Standard Tests for Hydraulic Power 
Plants.” 5 
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By A. Morton BELL, O.B.E., M.I.Mecu.E., M.I.Loco.E. 


LESSON -X 


EXCEPTIONAL TYPES OF 
LOCOMOTIVES 


SPECIAL conditions of working, heavy grades to 
be negotiated, or mountain ascents to be made, 
have caused the adoption of many exceptional 
designs in steam locomotives from the very 
earliest days of railways. In this country there 
are but few sections of line requiring specialities 
‘for the haulage of trains, although recent 
augmentation of loads, to secure more economic 
' operation, has caused considerable attention to 
be devoted to the design of larger locomotives 
of articulated types. 

A very early example of a special engine for 
. working an incline in this country is that of the 
American-built Norris engines, installed on the 
Lickey incline, of the Birmingham & Gloucester 
Railway (now part of the L.M. & S.R.), in 1840, 
and it will be interesting to compare an illustra- 
tion (Fig. 38) of one of these, with one of their 
modern 0-I0-0 successors of the L.M. &’S.R. 
(Fig. 39), now operating trains on the same 
grade of I in 37. 

The chief dimensions of the recent engine are 
as follows: cylinders (4) 163in. diameter by 
28in. stroke, with ten-coupled drivers, 4 ft. 
7% in. diameter. The tractive effort is 40,765 Ib. 
and the locomotive is capable of performing the 
same work as two of the ordinary six-coupled 
engines previously employed in assisting trains 
up this incline. 

The British Fairlie and the American Forney 
engines were both considerably adopted in their 
day; both relied on a flexible wheel base, 
secured by mounting the cylinders and driving 
gear on one or two self-contained bogies. The 
Fairlie arrangement originally consisted of a 
double boiler, two barrels with smoke-boxes 
complete, one on either side of a common fire- 
box. This duplex boiler was mounted on a long 
frame, which, in turn, was carried on two steam- 
driven motor bogies. The Forney was very 
similar; it was a double bogie engine, but 
_ only one of these was a power unit. 

Some of the chief principles of the Fairlie 
design are still being perpetuated, and a very 
recent example is shown in the illustration 

95—(5462) 


(Fig. 40), which depicts an engine built for the 
South African Railways by the North British 
Locomotive Co. Here, however, the boiler is 
of normal design, resting on the main frames in 
conjunction with the water tanks and coal 
bunkers ; all this superstructure is supported 
on two motor units, each of 2—-6—2 formation. 
The chief dimensions of this engine are: 
cylinders (4) 14in. diameter by 23 in. stroke, 
with driving wheels of 3 ft. 62in. diameter ; 
the boiler carries a working pressure of 180 lb. 


Fic. 38. THE Norris ENGINE 


per sq.in. The engine weighs, in working 
order, just under 100 tons, and has a tractive 
effort of 28,840 lb. 

All articulated locomotives must possess 
means of securing good, flexible, or jointed con- 
nections, for the steam and exhaust pipes, con- 
necting up the engines with the boiler, and it is 
in the particular design of these details that 
much of the ingenuity exists. By suitably 
arranging the centres, or pivots, on which the 
driving bogies turn, a minimum movement for 
the steam pipes is assured, thereby securing a 
reduction in the sliding, or rotating action of the 
connections. 

Other and very significant signs of the times 
are to be seen in the large Garratt locomotives, 
lately put into service on some of the British - 
trunk lines for working heavy trains of freight 
and minerals over difficult sections under 
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economical conditions. The illustration (Fig. 
41) shows a 2-8-0 + o-8-2 engine of this 
description, built by Messrs. Beyer, Peacock & 
Co., for the L. & N.E.R. The cylinders (6) are 
18 in. diameter by 26 in. stroke, and the drivers 
are 4ft. 8in. diameter; the boiler pressure is 
180 lb. per sq. in., the tractive effort of the 
engine amounting to about 62,000 lb. Although 
normally used for special banking services, 
assisting trains of 1,000 tons on an incline of 
I in 40, the successful working proves the 
possibility of securing much more powerful 
locomotives on the restricted loading gauge of 
the British trunk lines, if only the couplings 


of wagons and the employment of continuous 
brakes permitted them to be safely handled. 

A favourite type of articulated engine which 
can now boast of nearly 40 years’ experience is 
that known as the “ Mallett.” It is a compound 
with two independent groups of wheels arranged 
in bogies, one of which (usually the leading) is 
driven by the low pressure cylinders, whilst the 
second—rear unit—receives impulse from the 
high pressure cylinders. Engines of this type 
have reached huge proportions in the U.S.A., 
and there are numerous examples running on 
colonial and foreign railways. As an example, 
Fig. 42 represents an engine of this type, built 
for the N.W.R., of India. Constructed for the 
5 ft. 6in. gauge of track, this engine has two 
motor units in 2-6-0 + 0-6-2 formation. The 
high pressure cylinders are rg in. diameter by 
30 in. stroke, whilst the low pressure cylinders 
are 29} in. diameter by 30 in. stroke. The 
coupled drivers are 4 ft. 4 in. diameter. The 
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“ MALLETT ’ 


boiler pressure is 210 lb. per sq. in., and the 
total weight of the engine in running condi 
tion is 122 tons, the tender representing | 
additional 65 tons, with a full complement of 
coal and water; total 187 tons. The tractive 
effort of this effective machine is given as 
52,600 lb. This locomotive is engaged in haul- 
ing trains of 640 tons over the frontier inclines 
of India where grades of I in 55 are encountered. — 
Although of normal outline, the unique - 
locomotives with twelve-coupled drivers run-— 
ning in America and other countries must be 
classed among exceptional types, as clearly 
their construction is abnormal. An example , 
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” LocoMOoTIVE 
with a wheel formation. of 4-12-2, having 
three cylinders, 27 in. diameter by 32 in. stroke 
(one inside the frames, 31 in. stroke), and driving | 
wheels 5 ft. 7 in. diameter, with a boiler pres- 
sure of 220]b. per sq.in. The tractive effort 
of this huge machine is given as 96,650 lb., and 
it is of a class which has been put into competi- 
tive service with Mallett engines of 2-8-0 + 
o-8—2 formation, and are said to be giving very 
excellent results. 

Another interesting form of ‘special locomo- 
tive which must not be omitted from these notes 
is that required for railways built up mountain 
sides, and relying on a rack, or toothed rail, 
either in supplement to, or in place of, adhesion 
to surmount the steep ascent. There are many 
forms of this type of rack, or ladder, railway, 
but examples in this country are few and far 
between. é 

The engine shown in Fig. 43 is a striking 
adaptation of a combined rack and adhesion 


fi South India. 


OUTLINES OF LOCOMOTIVE ENGINEERING 


locomotive for service on the Nilgiri Railway in 
The engine operates over a com- 
paratively level section of line, whereon ordinary 
adhesion is relied upon for traction, and then 
propels the train up steep grades on the mountain 
side, whereon a rack section is necessary to 
secure the haulage required. The framing 
carries practically two complete engines—one 
with two cylinders driving the wheels which are 
in contact with the ordinary rails, and the 
second operating the gear wheels which engage 
in the rack laid up the centre of the track. 


This latter is slightly higher than the rails, so 


that when the engine comes on to the rack section 
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countries subject to severe drought, scarcity, 
of water, etc. The chief problem in the! 
successful evolution of such a machine is the 
design of a satisfactory speed gear, whereby 
the elasticity of movement; so important in a 
locomotive, is retained, despite the fast running 
of the turbine motor. Electricity has been 
employed for the transmission of power between 
the prime mover, but this involves complica- 
tion of apparatus, with serious loss in power, 
and it remains to be seen if a simple mechanical 
system will not eventually be found. 

In the Reid-McLeod geared steam turbine 
condensing locomotive, shown at the British. 


Fic. 43. FouR-cyYLINDER COMPOUND ADHESION AND Rack LOCOMOTIVE FOR THE 
SouTH InpDIAN Raitway (NILGIRI BRANCH) 


the cog-wheels automatically engage, and the 
steam, being admitted to the second driving 
gear, transfers the tractive effort to this central 
member of the permanent way. The dimensions 
of this engine are as follows: cylinders (4) 
17#in. diameter by 16}in. stroke, (2) for the 
adhesion engine, and 16? in. stroke for the 
rack engine (2) ; diameter of driving wheels for 
adhesion, 2 it. 84 in. diameter ; the boiler pres- 
sure is 200 lb. per sq.in.; the total weight in 
working order is 48 tons. The tractive effort 
is 30,000 lb. 

A very recent development is the adaptation 
of the turbine to locomotive requirements, to 
replace the reciprocating machine and enable, 
by means of a condensing system, the utiliza- 
tion of steam to be carried to a much higher 
degree. With such an arrangement, the con- 
sumption of fresh water would be reduced 
considerably, a very desirable attainment for 


Empire Exhibition in 1924, a double bogie 
vehicle supports the upper structure mounted 
on a continuous main frame. The bogies are 
eight-wheeled, of which four are driving and 
four carrying wheels. The rear bogie is 
equipped with a high pressure turbine, and the 
front one a low pressure turbine; double 
reduction gear is employed. The gear is 
enclosed in oil-tight casings, and lubrication 
effected through a closed system under pres- 
sure, operated by a pump. In the driving gear, 
there are no reciprocating parts or coupling 
rods. The condenser is of the air-cooled, 
evaporative type, fitted with fans, for inducing 
air, and water vapour spraying jets. The 
boiler is of the normal locomotive type, with 
superheater and forced draft. 

There are several very promising systems of 
turbine-driven locomotives now at work, and 
it seems highly probable that a satisfactory 
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machine will be evolved in the near future. 
Experiments have shown that a net saving in 
fuel consumption of something approaching 50 
per cent can be accomplished, whilst quite 25 
per cent additional tractive effort is secured by 
the even driving power on the axles delivered 
by the turbine, and the great reduction in 
internal friction of the engine. 

Whilst this treatise is concerned in locomo- 
tive engineering, it is not out of place to just 
mention herein the efforts beg made to secure 
locomotives operated by the internal combustion 
engines in contradistinction to those relying on 
a steam generator for power. As, however, 
such machines are more or less in an experi- 
mental stage, a simple mention of the chief 
problems presented to the engineer engaged in 
solving the problem of a satisfactory arrange- 
ment is sufficient. 

It is well known that an internal combustion 
engine gives its best result under full-load, and 
is anything but an economical proposition when 
the demands made on it for power are only a 
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proportion of its output. To imitate the won- 
derful elasticity of a steam locomotive is the 
chief problem to be met, although there are also 
the difficulties of manoeuvring, etc. In the 
steam locomotive, exists a machine possessing 
a wonderful range of power. It can move at 
a walking pace, or assume a speed of 60 miles 
per hour ; it can transport itself, or shift a load 
of maybe 1,000 tons ; and all these performances 
will be carried out with fairly proportionate 
consumption of fuel and water. 

In one application which cannot be passed 
over, viz., the Kitson-Still engine, efforts are 
being made to combine the advantages of the 
steam-engine with those of the internal combus- 
tion—a considerable proportion of the waste heat 
of the latter being utilized for the generation of 
steam for the former. It is claimed that this 
combination represents the most successful 
application of the generation of power from 
heat so far designed, a return of over 30 per 
cent being secured. Further developments on 
these lines are awaited with great interest. 


(CONCLUSION) 
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By W. J. Kearton, M.Ena., A.M.I.Mrecu.E., A.M.I.Inst.N.A. 


LESSON XII 


BASIC PRINCIPLES OF STEAM 
TURBINE DESIGN 


Introduction. The data available in the initial 
stages of design usually comprise (I) the power 
to be developed, (2) the initial pressure of the 
steam and superheat (if any), (3) the vacuum 
at inlet to the condenser, and in land work the 
revolutions per minute are usually known. 
Further, a steam consumption may also be 
specified and, in any case, a steam consumption 
must be guaranteed by the builder. 

__ It is obvious that the number of “‘ solutions ” 
is infinite, although in practice, particularly in 
a more or less standard line, such as steam 
turbines of normal power coupled to alternators, 
the existing patterns will give some guide as 
to the permissible mean diameter of the blading 
and the number of stages. The greatest variety 
of designs occurs in marine work, where every 


job is different, and where the turbines are only 
part of the complete turbine-gearing-propeller 
system. 

The calculations involved in design naturally 
fall under two heads, viz. (1) those relating to 
the determination of the principal ‘ dimen- 
sions,” i.e. mean diameter, r.p.m., number of 
stages, areas of nozzles, blade heights and blade 
angles ; (2) the detail calculations referring to 
the strength of the blades, discs, diaphragms, 
and casing, the critical speed. of the rotor 
spindle, the design of glands and so forth. 

We shall endeavour, in what follows, to deal 
concisely with those problems which come in 
the first category. 

Choice of Mean Diameter. This is a most 
important dimension. In small machines, it is 
decided entirely by experience, having due 
regard to the conflicting influence of first cost 
and operating costs. In larger powered tur- 
bines the mean diameter may be based on the 
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nozzle area required for the flow of steam at 
the low pressure end of the turbine, reference 
being made simultaneously to the mean blade 
velocity which is involved. 
ietee ee S:H.P. of turbine: 

,» W = weight of steam flowing through the 

turbine, lb. per second. 
,, H, = Rankine heat drop, B.Th.U. per lb. 


» No = efficiency ratio. 
» %, = dryness fraction of the steam at 
exhaust. 

»» Ve =volume per lb. of dry steam at 
exhaust 

» @ =nozzle angle in last stage. 

ne pe == ratio. poede Speed so last stage. 

steam speed 

, ¢ = radial height of last stage nozzles in 
inches. 

, D = mean diameter in inches. 


. N = revolutions per minute. 
33,000 ft.-lb. y, 60 min. 
min. ¥ 
B.Th.U. 
778 ft.-lb. 
== 2546 B.1h.U.’s. 
Since the efficiency ratio is 7,, the work done per 
Ib. of steam is 7,. H, B.Th.U., and the weight 
of steam required per second 
ES 
: S000. 75. 1, 
and since every lb. of steam occupies *,.v, 
cub. ft., the total volume of steam flowing 
through the last stage nozzles per second 


BEA EE %.3Us 


It h.p. hour = 


=W.%,.U. = Bite. 
a 3600. 75. H, = 
The blade velocity = ad x 
” ” » = = ft. per second. 
229 
u DN 


.. steam exit velocity = Vy = — = — 
Pan 22) = P 
But the total volume of steam passing through 
the nozzles per second 
= nozzle area in square feet x steam velocity. 


volume 
velocity 
TRE Sy RT Pe Pen ey 
3600. D.N.no. A; 
The area available, expressed in terms of the 


.. nozzle area = 
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diameter, nozzle angle, etc., may be set down in 
algebraic form by reference to Fig. 53. As 
already explained in Lesson VII, the nozzles 
are formed by casting in sheet metal vanes in 
the diaphragm. The area of the rectangular 
channel in each nozzle is x ./ sq. in., where 
% =p. sin at. 
p.sina— 
p.sina 
=€ lo posing 


Or, area per jet = /. t p.sina 


where ¢ = 2-SM4=1 4 fraction which can be 
p.sna 
easily calculated for a standard value of #, 


Y 
Wy 


FAAS 


Ll] 


k_p— 
Fic. 53 


and practical values of #and a. But the num- 
ber of nozzles in the complete circumference 


ee P28: 
p 
; aD ; : 
PLOtalearedm—= cs JC.) apm Sin@ SG. In: 
£5 LE DAIS aS: 
x 44 | 

or writing / = m. D, we have 
7..m..D*\c.sin ¢ 
. ee 

Equating the area to that required, we have 
a.m. D*.¢.sina _ 229 X 2546. P.%,.,. p. 


total area = 


144 GOOG. LIN. Ie. ae 
3 


from which D = 19°51 


Ly Kgs.De i pre 
N .no-Hy.m.c.sina 
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The final quality «, may be determined from 
the Mollier chart after making due allowance 
for friction losses; m is usually made about 
0:2 or less, otherwise the space between the 
blades at the tips becomes excessive and the 
guidance of the steam flow tends to become 
imperfect. The angle a is made as small as 
circumstances will permit, but it may vary from 
12° to 30°. Often in the preliminary stages of 
design, the mean diameter is provisionally 
fixed, having regard to a suitable blade velocity, 
and then the nozzle angle becomes the dimen- 
sion to be found. 

Number of Stages. 
has been determined, then the 


When the mean diameter 
“appetite for 


Lk 
Entropy 


Tic. 54 


energy ”’ of each stage may be calculated. For, 
knowing the diameter D and revolutions N, 
we can calculate the blade velocity u; this 
velocity, divided by p, gives us the exit velocity 
V, of the steam from the nozzles. 
Therefore the kinetic energy of the steam 
issuing from the nozzles is 
2 
Lit B.Th.U. per Ib., 
2g J 


and if 4, = the efficiency of the nozzles (energy 
basis) the heat drop per stage 


Belh-U: 


me ae it. 
28-Nn. J 


and the number of stages required = * where 


H, = the total heat available by expansion in 
the turbine. 

Notre. We have assumed above that all the 
stages are of the single-row pressure-compounded 
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type. If a two-row velocity-compounded stage 
be incorporated in the turbine, and if its diam- 
eter be equal to that of the other stages, then it 
may be assumed to be equivalent, as regards 
“appetite,” to 3 or 4 single-row wheels, 

Reheat Factor. It is now necessary to show 
why the total heat energy available by expan- 
sion in an actual multi-stage turbine is greater 
than that available by adiabatic and isentropic 
expansion in an ideal frictionless turbine, 

Consider the temperature-entropy diagram, 
shown in Fig. 54. Assume that 7, is the 
absolute temperature of the initially dry and 
saturated steam, and that T; is the absolute 
temperature of the exhaust steam. Then the 
total energy available by adiabatic and isen- 
tropic expansion, i.e. the Rankine heat drop, 
H,, is represented to scale by the area abcd. 
Let us imagine that a turbine has four stages, 
and let us divide the area abcd into four equal 
parts by the isothermals T,, T;, and T,. 

Let h, = heat drop in the first stage, repre- - 

sented by the area ebcf. 
5 = efficiency of each stage. 
Then, the work done in the first stage is 
» .h, B.Th.U. per lb. of steam 
and the additional heat rejected at exhaust into 
the second stage nozzles 
= (1-7) h, B.Th.U. per Ib. 

and is represented graphically by the area of the 
strip fgkl. A portion of this energy, namely, 
that represented by the area of the strip lying 
above the exhaust temperature T;, is available 
for performing mechanical work in the remain- 
ing stages of the turbine. The remainder, 
namely 


fe 
FX My 


2 
is unavoidably lost. 

We may look at the matter from a different 
point of view. Practically all the internal 
losses in steam turbines are friction and shock 
losses which “reheat ’’ the steam and increase 
its dryness fraction. Now the work done on 
the Rankine cycle by 1 lb. of steam expanding 
through the second stage of the turbine between 
the temperature limits of T, and T; 

= (Te Ty) (x + 38) — Ty logs B 

Hence an increase in the initial dryness frac- 
tion x, due to reheating in the previous stage 
produces an increase in the work done. 

The same remarks apply to stages 2 and 3. 
The losses in stage 4 simply increase the dryness 
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fraction of the exhaust steam. The total gain 
of heat drop is shown by the cross-hatching, 
and if H, be the gross heat drop in all the 
stages, then the ratio 

Ay 

H, 
sented by the symbol R. In a fairly efficient 
steam turbine R would be about 1-05. 

It must not be imagined that the performance 
of the actual turbine is in any way superior to 
that of the ideal turbine. It is, on the other 
hand, only due to the imperfections of the actual 
machine that the slight increase of dryness 
fraction resulting therefrom increases the energy 
available in the later stages of the turbine. 
It is, as it were, a sort of compensation for 
losses suffered and the meaning of the term 
reheat factor is very well expressed in the 
German equivalent Riickgewinnungszahl, which 
meanis literally, “ winning back coefficient.”’ 

Nozzle Areas. It might be said, as a general 
rule, that if the nozzle areas required in the first 
and last stages of the turbine are calculated 
accurately, then no refinements of calculation 
are necessary in determining the areas in the 
intermediate stages. 

The calculation of the first stage nozzle area 
is particularly important if the first stage of the 
turbine is a two-row velocity-compounded 
wheel, for then the final steam pressure will 
usually be lower than the critical, and the 
weight of steam which the nozzles are capable 
of passing is definitely limited by the throat 
area of the nozzles. Two cases arise for 


is known as the reheat factor, and is repre- 


consideration. 
Case I. Steam initially dry and saturated. 
Let w = weight of steam per second. 
, A, =throat area of nozzle in square 
inches. 
, ~; = initial pressure, Ib. per square 
inch abs. 
» 2% = initial specific volume, cubic feet 
per lb. 
Then, assuming adiabatic and isentropic 


expansion, it may be shown that ___ 


pi 


@ = 03003. A;. /=+ 
% 

It would appear reasonable to expect that 
the weight of steam discharged in practice 
would be appreciably less than that given by 
the above formula, owing to the effects of fric- 
tion losses. There is, however, another effect, 
namely, delayed condensation. Space restric- 
tions deny a detailed explanation, but it may 
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be said briefly that delayed condensation tends 
to increase the mass flow for a given throat 
area. The two effects mentioned just about 
annul each other, and the actual discharge is 
given approximately by the formula. 

Case II. Steam imitially superheated and 
remaining superheated down to the critical pres- 
sure. 

On the assumption of adiabatic and isentropic 
expansion, the mass flow per second is given by 
the expression 


WwW = 0:3155. A; ft 
Uv 


1 
Here, however, to be sure of a satisfactory 
result, it is imperative to consider friction 


Total Energy L 


Entropy & 


FIG. 55 


losses. Probably the most reliable data on the 
efficiency of steam nozzles are provided in the 
various Reports of the Institution of Mechani- 
cal Engineers Steam Nozzle Research Com- 
mittee. A résumé of these is presented in the 
writer’s book, Steam Turbine Theory and Prac- 
tice (second edition). 

In Fig. 55, suppose that A is the initial 
“state point ” of the steam, i.e. its pressure is 
p, Ib. per sq. in. absolute, and its superheat 
t,° F. Let p, be the final pressure of the steam, 
and suppose that this is lower than the “ critical’’ 
pressure p,. 

be = 0°5457 P, for steam expanding adia- 
batically and isentropically in the superheat 


region. The exact value of the ratio . will 
1 


depend, of course, on the magnitude of the 
friction losses, but the value 0°55 is near enough 
for practical purposes. 
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The adiabatic AB through A will intersect 
the critical or throat pressure line f, inC. Then 
h, is the energy available down to the throat, 
and if 7, be the assumed value of the nozzle 
efficiency, then the total energy per pound of 
steam at the throat must be equal to 

(initial energy) — (heat energy converted into 
energy of motion) 

= I,-1,-h, = Ip = I. 

Therefore E is the state point of the steam 

at the throat. The superheat at E may be 
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read off the Mollier chart directly, and the 
corresponding specific volume v, may be 
obtained from steam tables. Usually some 
interpolation is necessary. 

The velocity V, at the throat of the nozzle 
may be calculated by means of the expression 

Vn = 223°04/ 1,27. 
= 223'8\/ nn .h, ft. per sec. 

If the weight of steam flowing per second is 

w Ib., then the throat area 


144 .W.U, ; 
meas igor i 


wv 
Ay;=—7— sq. ft., or 
E E 


. 
f 
: 
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The total adiabatic heat drop in the nozzles 
is hy, n, .h, represents the heat converted into 
kinetic energy and G is the final state point. 
The-calculation of the outlet area is carried out 
in the manner described above. 

It is now necessary to explain how to obtain - 
the initial state point of the steam for the 
second stage of the turbine. 

From a knowledge of the ratio of blade speed 
to steam speed in the first stage we may obtain 
the approximate efficiency of that stage from 
the curves given in Fig. 56. Let 7, be the 
efficiency. Then, since the initial energy of the 
steam entering the second stage is equal to 


I, — (work done in the first stage) 
== Lye dey 
— Lv ; 


then the point L on the #, line must represent 
the required initial condition of the steam. 

\* The areas required in the other stages of the 
turbine may be obtained by a repetition of this 
process. The nozzle angles in the various stages 
are then adjusted so as to give a. progressive 
increase of the nozzle height from the first to - 
the last stage. 

Blade Angles. The inlet angle of the blade, 
i.e. the angle made by the leading face of the 
blade on its inlet side with respect to the plane 
of rotation, is made approximately equal to the 
angle given by the triangle of relative velocities. 
In constant speed machines, in order to operate 
efficiently at partial loads, the actual inlet 
angle is made appreciably larger than the 
theoretical full-load angle. 

The outlet angle is calculated with reference 
to the area required for the flow of steam from 
the blades. It is usually rather smaller than 
the inlet angle. ; 

Reaction Turbines. The method of design 
very briefly outlined above would have to be 
modified somewhat before application to the 
impulse-reaction turbine, owing to the very 
great amount of calculation involved by the 
large number of stages. It is ‘usual, in this 
case, to treat the stages in groups or “ expan- 
sions ’’ consisting of blades of the same height, 
the conditions as regards steam density and 
velocity at about the middle of the group being 
assumed to be the same for all elements in the 
group. 


(CONCLUSION) 
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FUEL CALORIMETERS 


By Prorrssor G. E. Scuores, M.B.E., M.Sc., M.LA.E., M.1.Mecu.E. 


PART II 


CALORIMETERS FOR SOLID OR 
LIQUID FUELS 


In most calorimeters designed for testing the 
calorific value of solid or liquid fuels, the fuel 
is burned in an atmosphere of oxygen, the 
oxygen remaining either at constant pressure 
or constant volume during the combustion. In 


one type of calorimeter the oxygen necessary 


for the combustion of the fuel is supplied in the 
_ form of sodium peroxide, which is mixed in a 
fixed proportion with the fuel. Arrangements 
are made for fusing a fine iron or platinum wire 
in contact with the sample of fuel and the 
sodium peroxide, and, once started, the com- 
bustion proceeds vigorously. In all cases the 
heat due to the combustion is transmitted to a 
known weight of water in which the calori- 
meter is submerged during the test. The weight 
of water multiplied by the rise in temperature 
gives the heat absorbed, and that is due to the 
combustion of the fuel. A correction for radiation 
has to be applied if the result is to be accurate. 
Constant Pressure Calorimeters. In this type 
of calorimeter the weighed fuel is held in a 
crucible contained in a metal base supplied 
with a detachable glass vessel. Oxygen from 
a cylinder passes through a fine control valve 
to the top of the glass vessel, leaving at the 
bottom through a series of holes in the base and 
then bubbling up through the surrounding water. 
The combustion is started by fusing a short 
length of fine wire in contact with the fuel by 
passing a current of electricity through it. The 
hot products of combustion are then driven 
out through the holes in the base of the vessel 
by the incoming oxygen, and give up their heat 
to the water in passing upwards through it. 
Whilst simple apparatus of the types thus 
briefly described may be used to obtain calorific 
values of solid fuels with some degree of con- 
sistency, the results are comparative rather 
than absolute, and the standard instrument 
used is the bomb calorimeter. 


BOMB CALORIMETERS 


Where accurate determinations of the calori- 
fic values of solid and liquid fuels are required, 


an instrument called a bomb calorimeter is 
used. 

The original form of this instrument was due 
to M. Berthelot. 

The bomb itself usually consists of a stout 
hollow metal cylinder closed at one end and 
having a detachable cover at the other end, and 
is designed so that it may be filled with oxygen 
at a high pressure (generally about 25 atmo- 
spheres), so as to enable the fuel to be burned 


‘ 
| 


>z 
[tll ix 
<m 
mea 
\ ‘ 
WIS 


SS 


Ns 


uw 


10%. 


il 


gai 
A 


| 


Fic. 2. SECTION oF BomB 
CALORIMETER 


quickly and completely. The combustion takes 
place at constant volume since the bomb is gas 
tight, and during the test the whole of the bomb 
is submerged in a known weight of water. 
Since the weight of fuel burned, the weight of 
water used, and the rise of temperature of the 
water during combustion of the fuel are deter- 
mined, the calorific value of the fuel may be 
calculated. 

In practice, account has to be taken of the 
water value of the calorimeter and the amount 
of heat radiated from the apparatus during the 
test, whilst for very accurate work the heat 
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liberated from the combustion of the ignition 
wire and from the formation of small quantities 
of nitric acid would have to be determined. 
There are several modifications of the original 
Berthelot bomb in use, and a description of one 
will illustrate this type of instrument. 

In the bomb shown in Fig, 2 and developed 
by the author, the material used throughout, 
with very minor exceptions, is stainless steel, 
which has the dual advantage of strength and 
resistance to corrosion. The bomb body A, 
cover 6, and most of the details are machined 
from the solid. The bomb is inverted so that 


Fic. 3. Boms CaLrorImETER 


Left: Bomb assembled for test 
Right: Upper half raised showing crucible and coal 
sample 


the cover forms the base on which it stands, and 
the ignition rods C and D are attached to the 
base. The upper part of the bomb is thus in 
one piece, the head of which carries the charging 
and discharging valves E and F respectively, 
the complete bomh consisting of two parts only. 

The bomb is. sealed against the escape of 
oxygen or products of combustion by the use 
of a self-sealing rubber ring G. In other bombs 
a lead ring is often used as a jointing ring being 
held between the cover and the bomb body, 
the cover being attached to the body by means 
of studs or similar screw device. In the bomb 
illustrated, the rubber jointing ring fits in a 
chamber formed by a slight recess in the. base 
and the under face of the body of the bomb. 
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The inner face of the bomb body projects down- 
wards in the form of a spigot and so forms a. 
ring chamber, Water placed in the bas of the 
bomb to absorb any nitric or sulphuric acid 
fumes thus isolates the rubber ring from the — 
bomb body in which combustion takes place, | 
and thus the ring is not affected in any way. ; 

The sealing effect is produccd by the pressure 
of the contained gas which forces the lips of © 
the ring against the metal seats. This enables 
the base or cover of the bomb to be screwed up 
by hand, and makes the instrument easy to 
handle. 

The oxygen enters by a non-return valve B; 
and the products are discharged at the end of 
the test through the screw-down valve F, 

The crucible containing the sample is held in 
a cradle K, attached to a split sleeve, which 
slides along and rotates about the ignition rod y 
C. The ignition wire which is usually very fine 
nichrome or platinum wire (diameter 0-004 in.) 
is held in slots, cut in the ignition rods, by means 
of chamfered sleeves, { 

The ignition rod D i; screwed into the base ; 
of the bomb, whilst the rod C passes through the 
base and is insulated from it by means of fibre 
cones and mica washers, This rod C has a 
spring foot which makes contact with any sur- 
face on which the bomb stands, 

The bomb, when assembled and charged with 
oxygen to a pressure of 25 atmospheres approx- 
imately, is placed in a copper vessel or calori- 
meter containing a known weight of water 
(generally about 5 lb.). The water used is 
sufficient t» submerge the bomb, This calori- 
meter is placed inside a second and larger one, 
being insulated from it by means of a triangular 
ebonite base which centralizes the smaller 
calorimeter inside the larger one, This larger 
vessel in turn stands in a water-jacketed calori- 
meter, the object of this arrangement being to 
prevent, as far as possible, heat being radiated 
from or to the bomb and inner calorimeter 
during the test. : 

The outer vessel carries a clamp for holding 
the Beckmann thermometer and the stirrer 
mechanism. The stirrer mechanism, when in 
use, Causes a stirrer to agitate the water round 
the bomb, and so ensures an uniform tempera- 
ture in the water as well as expediting the 
passage of heat from the bomb to the water 
during the test. Papier maché covers are 
placed over the calorimeter vessels to reduce 
air circulation and loss of heat due to this, 

Method of Carrying Out a Test. In making 
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Vor. I 
Page 4, column 1, line 13. For 132-4 sq. in. 
read 73°5 sq. in. 
Page 4, column 1, line 18. For 132-4 read 
73'5- 
Page 120, column 2, line 7. For CO, + O = 
2CO read CO, + C = 2CO. 


Page 157, column 2, Answers to Exercise 5, 
bottom of page, 1(¢). For 88,570 read 11,570. 


Tp 
Page 234, column 2, line 28. For ie 73%?) 
7 


eg 
read 7 
T 


p. 
Page 235, column 2, line 27. For “ pheri- 
pheral ” read “ peripheral.” 


Page 236, column 1, line 7. For F= 
S2y ppread Fo "S. YP. : 


Page 248, column 2, line 4. For 1861, read 
1681. 


Page 259, column 2, line 6. 


a 4 
For W = ei ,Tead 


Page 259, column 2, line 7. 


_ + [7:728W La ; 
For 7 Ta read r i 77280 aw" 


Page 430, column 2, line 7. 
For Lh + HySO, = Luna SO a Hg, 
read Zs. + H,SO, = Z 20% a Hy. 
Page 431, column r (column 5 of table). 
(NH,C) read (NH,Cl). 
(5462) 


For 


Page 435, column I, line 42. 


t i 
For d, = 3 Tedd @.— —. 


P 
Page 435, column 2, line 22. 
cos 
For kK = nev etc 

COS Op 

cos & cos (2'- g; 
read I=": ude G2 BOs.) 

COS Op COS Op 


= Q. (cos X'+ sin 2’. tan op). 
Page 436, column 2, last line. 
t t 
For d, = —, read dj = —. 
p P 
VoL, iL 


Page 542, column 2, line 24. Read “/ = 
length of beam.” 

Page 547, column 1, line next to last. 
For a(%— a) (pc + B) read a(x — a) (x - B). 

Page 577, column 2, line 8. For “‘ left-hand 
covers ”’ read “‘ outer covers.” 

Page 691, in table at bottom of page. 
A ” read ss) (ex 

Page 726, column 2, line 24. For 


TSS3 T+t 
en FO seers 
2 2 


For 
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Page 979, column 1, line 33. 
For tan }(B—C) = 5 * tan dB 40) 
b-c 

Bate pa, 

read tan 4 (B-—C) or tan 4#(B + C) 
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FUEL CALORIMETERS 


a test a sample of the fuel is weighed out into 
a clean dry crucible. The weight of the sample 
varies with the fuel, about a gramme being used 
for coal and from o-7 to 0-8 of a gramme with 
oil. The crucible used may be of platinum, 
silica ware, porcelain, or fire clay. 
The crucible is placed in the bomb, ignition 
wire fixed, the cradle supporting the crucible 
and sample is adjusted so that the ignition wire 
makes good contact with the fuel sample, 
“15 cub. cm. of water placed in the bottom of the 
‘bomb, and the bomb assembled. The bomb is 
then coupled up to the oxygen cylinder and 
charged to a pressure of 25 atmospheres. 
Water at a temperature of one to two degrees 
below the room temperature is accurately 
weighed or measured out into the calorimeter, 


Fic. 4. VIEW OF UNDERSIDE OF 
Boms 


Showing insulated supports and spring 
contact 


and the whole apparatus assembled with stirrer 
and thermometer in place. The stirrer 


_ mechanism is started and, after an interval of 


two minutes, readings on the thermometer are 

taken every minute. it being essential that the 
increments of temperature should be approxi- 
mately equal per unit of time. 

These readings are observed and recorded 
until the rise in temperature is uniform, and then 
the ignition switch is closed, at the next minute, 
a temperature reading being taken simultan- 
eously. When the switch is closed, the igni- 
tion wire is fused and the sample commences 
to burn. The reading of the thermometer rises 
rapidly, and only approximate readings can be 
obtained for three or four minutes. When the 
rate of rise slows down accurate readings are 
again taken until a maximum temperature is 
recorded, after which further readings are taken 
until a steady fall is registered. The test is 
then completed, and the apparatus can be taken 
adrift and prepared for the next test. The 
temperature readings fall into three divisions, 
viz., those taken prior to ignition, during the 
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consequent rise, and the consequent fall. The 
information obtained gives the rate of rise of 
temperature prior to ignition, the increase of 
temperature following ignition, and the rate of 
fall of temperature after the combustion has 
finished. The correction for radiation is calcu- 
lated from the rate of rise prior to ignition, and 
the rate of fall at the end of the test by 
using the Regnault-Stohmann-Pfaundler formula 
which has been found sufficiently accurate for 
all practical purposes. 


Let » = number of minutes between the igni- 
tion and the attainment of the 
maximum temperature. 

vi = rate of temperature fall in degrees per 
minute at the end of the test. 
v = rate of temperature rise in degrees per 


minute at the beginning of the test. 
Then the radiation correction in degrees 


=nvi + Cia) 


2 
and this correction is added to the rise in 
temperature after ignition in order to correct 
for the radiation effect. 


EXAMPLE OF TEST. 


Date of test . Ioth Jan., 1927 


Fuel tested 5 I é . Boiler fuel oil 
Weight of crucible and fuel sample 2-9456 grm. 
Weight of crucible 2° 2°5380'%,, 
Weight of fuel *8076 ,, 
Weight of water in calorimeter . 2,268 grm. 
Water value of apparatus . Whites 
Total equivalent weight of water 2,680 ,, 
Time and temperature readings— 
Time Thermometer Readings 
(mins.) (2) 
fo) 0-788 
I 0+790 
2 o-791 
3 0°793 ae 
4 0-794 (sample ignited) 
5 3°150 
6 3800 
7 3856 
8 37870 
9 3871 (max. temp.) 
be) 37868 
II 37862 
12 3°855 
13 3°845 
14 3°843 


Radiation correction— 
“025 


From the results, 7 = 5, v' = = :00625 taken 


+006 


fo} 
from the roth to the 14th minute, v= mae = 0015 
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taken from zero to the 4th minute. Hence, radiation 
(— 0015 + -00625) 
2 


correction = 5 X -00625 + 


0-0336. 
Rise in temperature during test 
S157 = "704 5) ="3:077 
Radiation correction 0:0336 
Corrected temperature rise 3°1106 


= 2680 X 3-1106 


Heat absorbed by water 
= 8336-4 calories 


Hence calorific value of fuel 
tested = 8336-4 


*8076 
= 10,322 calories 
per grm. 

This. result is equivalent to 10,322 C.H.U per 
Ib., or 10,322 X 1-8 = 18,580 B.Th.U.’s. per Ib. 
Water Value of Apparatus. The apparatus 
absorbs heat when its temperature is raised, 
and it is necessary to know what mass of water 
would absorb the same amount of heat for the 
same temperature rise. This mass of water is 
known as the water value of the apparatus. 
A common method of determining the water 
value of a bomb calorimeter is to measure the 
heat given to the water during the burning of 
a given weight of a fuel whose calorific value 
is known. Under such circumstances the heat 
given up by the fuel and that absorbed by the 
water are known and the difference represents 
the heat absorbed by the apparatus for the 
corrected temperature rise. If this quantity is 
divided by the corrected temperature rise the 

result is the water value of the apparatus. 


NOTES ON THE PREPARATION AND 
TESTING OF SOLID AND LIQUID 
FUELS 


Liquid fuels such as oil differ from solid 
fuels such as coal in that they are uniform in 
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character, so that variations in the composition 
of different samples taken from the same lot are — 
negligibly small. Repeated tests will thus 
return the same calorific value within narrow 
limits, any differences being due to slight errors — 
in weighing, etc. With coal or other fuels in : 
which considerable variation may occur it is , 
essential that the original sampling from the — 
bulk should be carefully done, and that the — 
sample should be finely ground before any is — 
weighed out for testing. ‘ 

After grinding, the coal should be dried in a . 
water oven and, as dry powdered coal absorbs — 
moisture the subsequent weighing operations — 
should be carried out quickly. Ifanindependent — 
determination is being made of the moisture it ~ 
is not necessary to dry the coal, a correction 
for the moisture contained being easily made. _ 

In testing fuel oil, two alternatives may be 
used. In the first the crucible is partly filled 
with dry china clay or fuller’s earth and 
weighed. The oil is then poured into the — 
crucible and is absorbed by the clay. The — 
remainder of the operation is normal. ' 

In the second no absorbent is used, and the 
oil is poured directly into the crucible. The 
latter method is simpler and has given no 
trouble. 

With petrol or light oils the rate of burning 
at the moment of ignition is such as to cause a 
difference of pressure above and below the 
crucible, and if the base of the crucible is not 
supported it may be blown out. 

With such fuels the crucible should be sup- 
ported by a heavier metal crucible held in the 
cradle. 

If the sample is weighed out and transferred 
to the bomb quickly the loss by evaporation 
is negligible, and it is not necessary to use a 
glass or other capsule to contain the petrol 
sample as is frequently done. 
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PATTERN-MAKING AND FOUNDRY WORK 
By J. McLacuian anv C, A. OTTO 
LESSON XIV a chisel edge is not as liable to do so. It is 


SETTING OUT AND DETERMINING 
THE CONSTRUCTION OF A LARGE 
PATTERN 


IN all pattern-shops there is a number of draw- 
ing boards of various sizes. The preliminary 
examination should determine the number of 
views that it will be necessary to set out. For 
some large work of plain design only a plan or 
elevation is necessary, in other cases two views 
are advisable, while in some cases it may be 
necessary to set out an elevation, a plan, an 
inverted plan, end views and sections. Cores 
have much to do with the number of views 
necessary, and it very often happens on a large 
job that many scrap views and sections may have 
to be set out as the work proceeds. It is almost 
impossible, say, in the case of a large cylinder, 
to get all the necessary views on one drawing 
board. 

Having determined upon the number of Views 
that will be necessary, the size of the drawing 
board can be decided. To set out the various 
views of a large pattern in their correct relative 
positions, as on the blue print or tracing, is 
seldom practicable. In many cases the drawing 
board has to be sent to the foundry with the 
pattern, as an aid to the moulder when setting 
cores and testing thicknesses, therefore it must 
be of reasonable proportions. A comparatively 
small board, therefore, would be used, and the 
various views would be drawn on top of each 
other and metal thicknesses coloured to avoid 
confusion. 

Trammels are of all sizes and sorts. Often 
the trammel heads are either exceptionally 
heavy with a very light stick, or the stick is 
too heavy for the heads. It is quite impossible 
to make an accurate drawing with a trammel 
stick slim in proportion to its length. There 
should be no yield. Trammel points are invari- 
ably too long. Some craftsmen point both 
heads, but it is much better, even with small 
trammels, to give one head a chisel edge ; not 
a wide chisel edge, but just sufficiently so that 
it will cut and not tear the surface of the board. 
A sharp point follows the grain of the timber and 


possible to have the edge too sharp. A trammel 
so sharpened that the line drawn by it cannot 
be seen is useless. 

What is true of trammel points is also true 
of compasses. With regard to marking knives, 
some prefer the knife ground on one side only, 
but greater care is necessary in its use as it is 
liable to slice the straight-edge. The knife 
should be used for all lines across the grain of 
the timber, while the point should invariably 
be used for lines that follow the grain of the 
timber. Having prepared the drawing tools it 
is now necessary to make length rods, on which 
all important centres should be marked, after 
which their faces should be varnished or, by 
repeated handling, it may be difficult to see the 
marks on the rod after it goes to the foundry, 
and length rods are invariably sent to the 
foundry. Too much care cannot be expended 
on the length rods. In very large castings it 
may be necessary to vary contraction allow- 
ances for length and height and width, and this 
is determined when making the length rods. 

With regard to centre lines it is usually 
advisable to draw the main longitudinal centre 
line first. This, in the case of a narrow board, 
may be done by means of a final gauge from the 
edge, but more often a straight-edge is used, 
points an equal distance from the edge having 
previously been marked. The main cross 
centre should be drawn geometrically, after 
which other centre lines can be set down with 
trammels and straight-edge. We are describ- 
ing this process because method is quite neces- 
sary in setting down work. 

When all the important centre lines have 
been set down it is wise to check them from the 
drawing before starting the views. The eleva- 
tion is usually the most important view. 
Although one view should be finished before 
another is started, it is as well when trammels 
are set to a certain dimension to transfer the 
dimension to the plan. Thus, in the case of a 
plain cylinder, a longitudinal section and a 
cross-section would be drawn, and while the 
trammels were set to the radius for the elevation 
the cross-section should also be drawn. 

To make a neat and clean drawing, as few 
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lines as possible should be lined in before a 
whole view has been finished, and no view 
should be coloured until the whole drawing is 
complete. All machined faces should be shown, 
and if camber has to be allowed the pattern 
should be drawn to the camber shape. In 
short, a workshop drawing should show the 
work as it will leave the pattern-shop. It is 
quite futile to set out work if additional allow- 
ances have to be made when constructing the 
pattern or core-boxes, 

During the course. of construction it is 
necessary to lay down additional lines showing 
timber joinings and divisions of cores. Extra 
lines of this kind should be as few as possible, 
because a dozen or more men may be working 
from one board and, if all are allowed to set out 
constructional lines, the value of the drawing 
will be considerably reduced. The one who has 
set out the work in the first place should be the 
one allowed to put additional lines down. 
Unless when it is necessary to develop a shape 
geometrically and when it can be much more 
easily done on the main board, constructional 
views should be set out on separate small 
boards. 

When the various views have been set out and 
coloured, different colours being used for each 
view, the construction has to be decided upon. 
In regard to colouring the views, it is chiefly 
necessary to distinguish between the various 
sections, thus the metal of one may be coloured 
red, of another yellow, of another green, and so 
on. Boards should be varnished before the 
work is started. Some pattern-shops neither 
distinguish the separate views by colouring, nor 
varnish them, but it is slovenly practice not to 
do so. 

It is impossible to start a squad of men on a 
large job until the construction has been thor- 
oughly considered. Details may, of course, be 
left in many cases, but it should be remembered, 
that what may appear cursorily to be of minor 
importance, may have:a very important bear- 
ing on the construction, and neglect of its con- 
sideration at an early stage may necessitate 
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modifications later on. 


decide which is best. 


may have to be overcome by slight modifica- 
tions of details. 


It is as well, therefore, 
not to overlook even the smallest details. Some 
parts of the job may offer several alternative 
methods, and it is not always an easy matter to 
Moulding has to be con- — 
sidered, and difficulties in machining the castings — 


It is occasionally necessary to — 


have a conference of pattern-maker, moulder, — 


and machineman. In some shops it is custom- 
ary for each man, as he makes a part, to fit it 
and secure it in position. Better results are 
obtained, however, when two men build the 


work and they are fed by the rest of the squad. — 


If the job has been properly set out and care 
is taken by the men making the various parts, 
very little tool work should be required when 
erecting. 

A custom which is not as common now as 
formerly, was for the man in charge of a large 
job to break out all the timber. So expert can 
one become with practice that the smallest 
bosses and prints can be rough cut. There is 
very little waste when this practice is adopted, 
because ends and corners that would be thrown 
on the scrap-heap are used for small ribs, 
bosses, and prints. 7 

When erecting a large pattern, the main body 
must be set down to centre lines on the floor, 
or on the skids, first. Small blocks or buttons 
will keep it firmly in position. It is a good 
practice to set down centre lines and also lines 
representing flange faces, etc., on the floor, so 
that when branches or other parts are fitted a 
plumb bob may be used for testing. The 
plumb bob and the level are invaluable when 
building large patterns, and much more reliable 
than the try square or set square used from 
adjacent faces or from the floor. 

When constructing large patterns, parts that 
the moulder will have to loosen off should 
always be screwed in such a manner that the 
moulder will have no difficulty in releasing them 
when the pattern is in the sand, and it is impera- 
tive that all screws should be greased so that 
they will unscrew readily. 


(ConcLusron) 
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MACHINE CONSTRUCTION AND DRAWING 


By G. Woop, A.M.I.Mercu.E. 


LESSON XXIX 


Drawing Office Routine. The art of machine 
construction and drawing lends itself to the 
’ expression of individuality, but, as in many 
other arts, commercial considerations set limits 
within which the designer must work. One 
set of restrictions surrounding the draughtsman 
in practice may be placed under the title draw- 


a tracing of the drawing. The printing machine 
used for this purpose is specially designed for 
copying drawings of standard overall dimen- 
sions. The process of copying is simple and 
comparatively quick, the required time of 
exposure being constant-for the power of light 
used and the type of print required. 

The quality and durability of the print is 
chosen to suit the service required of the draw- 
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ing office routine, and we may profitably give 
some attention to this aspect of the art. 

Drawing office routine is not stereotyped, 
but a brief résumé of some of the more com- 
mon features may serve as a rough guidance to 
the young designer who has not graduated 
through a large engineering drawing office. 

Registration. We have, in a previous lesson, 
referred to the method of noting machine 
drawings by giving a contract number together 
with a drawing number embodying the contract 
number. Where drawings of a particular title 
are common to many contracts reference is 
assisted by allocating a corresponding number 
to each title. Such common notation is of great 
assistance to the draughtsman when searching 
for suitable guidance drawings. 

Copying Drawings. Copies of drawings 
usually consist of photographic prints taken from 
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ing. When the print is required for a moderate 
amount of perusal or reference, as in the case 
of prints submitted to owners for approval, a 
plain paper print may be used. When the 
drawing will be in frequent demand and have 
to sustain a lot of handling, as in the case of 
prints issued to the workshops, a more sub- 
stantial print is necessary, and usually consists 
of a copy printed direct upon linen, or a paper 
print mounted upon cloth. 

If, as often happens, the drawing is made 
upon a semi-transparent paper, called tracing 
paper, the copy may be printed direct from the 
pencil drawing. The pencil lines, however, do 
not produce the clearest copy and, generally, 
the only legible print to be obtained direct 
from the drawing is a blue print consisting of 
a white line on a blue ground, as shown in 
Fig. 1. 
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For more distinct copying it is necessary to 
make an ink tracing of the drawing, and if the 
tracing is to provide prints at a future date 
the tracing should be made upon transparent 
cloth. 

Ink Tracing. In most large engineering 
establishments the ink tracing is not made by 
draughtsmen, but by tracers who, specializing 
in this section of the draughtsman’s art, acquire 
a neatness and facility not usually obtained by 
the draughtsman. Apart from the question of 
speed there is no reason why a draughtsman 
should not produce an ink tracing of a drawing 
equal to the best product of the tracing office. 
Having a trained comprehension of the draw- 
ing he ought to proceed with the tracing without 
hesitation. 

The elementary rules to be observed when 
tracing are self-evident. For example, it is 
much easier to join two arcs with a straight 
line than to join two straight lines with an arc. 
Further, ink can take a tantalizingly long time 
to dry, and one has, of course, to avoid moving 
the set square over traced lines before they are 
quite dry. An example is shown in Fig. 2, the 
numbers indicating the order in which the lines 
of this drawing may be traced for both neatness 
and economy of time. 

Coloured Drawings. For direct indication of 
the materials used in the construction of a 
machine part the coloured drawing, as shown 
in Fig. 3, is most effective. The colouring not 
only shows at a glance the materials to be used 
in the construction, but also provides a drawing 
which is pleasing in appearance and helpful in 


conception. The print commonly used for the 
TABLE I 
Material Colour Used 
Brass Gamboge 
Bronze Gamboge and burnt sienna 
Copper Burnt sienna 
Cast iron Payne's grey 
Lead Indigo 
Steel Crimson lake and Prussian blue 
Cast steel Crimson lake and Prussian blue with 
greater proportion of blue 
Wrought 
iron Prussian blue 
Brickwork | Crimson lake and burnt sienna 
Cement Burnt umber 
Concrete Mottled grey and umber 
Glass Green 
Woodwork | Pale tint of burnt sienna 
Water Prussian blue 
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coloured drawing is the black and white, having 
black lines on a white ground. 
Colours having a fairly close resemblance to 


the natural colours of the materials are used, a © 


list of corresponding colours in common use 
being given in Table I. 

The definite line on a drawing makes neat 
colouring a simple operation, and this part of 
the draughtsman’s art requires little practice to 
produce a tolerable effect. 
is required for tendering purposes, appearance 
is more important, and the draughtsman would 
be advised to observe the elementary rules of 
artistic effect. 

Drawing Office Copy. The most common and 
most important print of a drawing is the 
D.O.C. This print should bear a true record 
of the drawing as issued to the shops, and if 
additions or alterations are made to the shop 
copies a record of the change must immediately 
be embodied on the D.O.C. Sometimes the 
D.O.C. contains a record of the date of issue 
of the drawing to the various shops, but usually 
the record kept in the drawing register is 
considered sufficient. 

Shop Copies. A print of the drawing is 
issued to each of the workshops through which 
the parts embodied on the drawing will pass 
in the process of manufacture. The drawing 
thus becomes an agent in the progress of each 
part through the shops, each drawing giving 
the reader an idea regarding its source when 
entering and its destination when leaving the 
shop. 

When, as it often happens, a shop deals with 
only one of the smaller items on a drawing, a 
separate sketch of the part, and not a complete 
drawing, is issued to this shop. Such sketches 
can most conveniently be made from a copying- 
ink sketch, and need not be drawn correctly to 
scale. Further copies of the sketch are issued 
also to the shops having the drawing, in order 
to inform these shops of the progress of the 
part. A typical sketch of the worm and crank- 
shaft for the steam steering gear is shown in 
Fig. 5. 

Sub-contractors. When a portion of the work 
on a drawing is made by an outside firm it is 
advisable to provide a sketch of the part, as 
required from the makers, and not the complete 
finished working drawing. For example, if 
the worm and crankshaft shown in Fig. 4 is 
to be ordered in the rough from an outside firm, 
Fig. 4 may be replaced with the poles machine 
drawing shown in Fig. 1. 


When the drawing ~ 


eee ee ee 
— SCALe :— 3° = 1. Foor — be 
— 2-Orr FoRGED Sree. — 


Tensice. STRENGTH Nor To Exceen 32 Tons/a & Nor Be LessToa Tons f 


ELONGATION IN B.5.Tesr Flece C D oRE Nor Less THAN 29%. 
BENOING ANGLE Nor Less Than 180° With Rao =/4. a 
To BE ouch TURNED To Wisin at oF Finis DIMENSIONS Given 
6.2, 6 ON Aut Frar Sureaces & & on DIAMETERS 


Drawine N? 34/75 A. Contrnacr N?® 34 : 3 al 


Connecren To Decn Conrrol. 


/Wormwnerl 3°7 PCD. 


Ratio = 30 Tal 


4. Crtinoers 122010 10 STROKE 
W.P. = 150 Lbs/0" 


PAT 
Sean) 
eT 


— ApRANGEMENT oF SH/PsS STEAM STEERING GEAR. — 


ScaLce, /°=/Foor. 


A DraAwiIne N2_S.G. 86. Desion N°34. = 
: Fic. 3. FAcsIMILE COLOURED DRAWING OF STEAM STEERING ENGINE 
(5462) ’ 1512 


z1S1 
ING NITVAOD UO AIIVZO AUNISOVA *F ‘DI 


‘YIN Tip CINIHIVW 
“TFILG JIBOS 7A -2 


W/= WE — FWICS 
— USO UNUYD 8 WHOM 40 TILLICG — 


HILIg9 '\-E > 
fe 


td | chive Eas a 
A romatel PAA Gee 


iba ase PR AT DES 
di ie AS ae 
BEN ES 


A GP VENSO Ble gel fh EO VET SO 
£SC1 SGU 29L 169 196 GSSE BEG 29 199 FE 


4 C-£ 
“Eb -Gb2/ 


(zo¥s) 


meet Te tha: il = 
— watt aha it bevis 


nee Am lav mere tnen ern ee 


At nee eee ae ee 


SN te a 


Wat — inst, 


aetna al dite ebiometieh neha aici eee Tn en 


— TABKG MMA A MAO AS RTA 


% 
at 
i 


Yaar Cc aayeaag -aat-S 
3. ill her WP NAO Sh wa 


a 


pe, a ‘ 4 
oo may. x \ x -" ’ ae +=, b> » } J 
Yn is} = ack a a3 VASA Mae § ~ 
ee it Coble pen Seco ? Se eT Se ee 
t 0.9 80 dizasG yoy ; 


: (495g) 
dem] Es : 


— 9 : PS (sseo0ad ped ies am Aq ope) {gts} 
— te ; : HOLES HNI-DNIAGOD BUNISOVA °“S ‘DIY 

s 3 eit 77H TINIE by “NIAID SNOISNAWICT O3HSINIS 

ay 


‘= 7 WAL] “139L9 OFW0Y 210 -Z 


ff 


sere ees WAG SLIT INA 


by 


s — oo oa: oe SS ad 


anit 


{\AMawena, 


“A warl.Jasaxt, asaadd 380 -S 


nen 


SHOE 4 wore 


— SanOashaswiorM MAD aaowenarad aaa : 


LL OES I nt ng Os ee a lm me me : 
2 Nepean pe pl cece aes Sensis 


ere 
S3TS2e SerseKiviIw siinizost Sore 
Esten 89 Ley socteiay Ags 2d aie) 


MACHINE CONSTRUCTION AND DRAWING 


Drawing for Foreign Manufacture. Consult- 
ing work often demands drawings for use in 
foreign workshops, and we may consider the 
means taken to adapt our practice to suit the 
foreign workshop. It is usually found desir- 
able to design as for British manufacture, 
giving the dimensions in British units and 
adding the metric equivalent above each 
dimension. 

This method allows the designer to use 
British reference drawings, and to think in 

‘terms of the more familiar units of length. 
The example shown in Fig. 4 is an ozalid print 
_ taken by a process of Messrs. Agfa, Ltd., which 
leaves the scale of the drawing unaltered. This 
type of print is very useful where prints, being 
sent abroad, have to be traced to produce 
copies adapted to foreign workshop practice. 

Messrs. B. J. Hall & Co. also reproduce 
drawings by a similar process known as Coralin. 
They do not, however, claim that this gives 
copies true to scale. : 

Conclusion. Although engineering practice, 
having made such rapid strides, appears to 
cover the whole field of novelty in design, the 
student need not be discouraged into thinking 
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the art has developed into mere copying. The 
field is actually wider than ever, but the task 
of finding a new seam may be increasingly 
difficult and demand an alert perseverance. 
Also, one may be led to think that the outlook 
of most employers is hidebound by a conserva- 
tive prejudice for what has been tried by 
experience. Such attitude is apt to discourage 
until one reflects that an employer’s whim is 
usually based upon his particular experience. 
Further, one may often learn from what has 
the appearance of mere prejudice. 

The fact remains that engineering design has 
a great future, and the difficulty of attainment 
ought to induce the ambitious student to master 
the art and, at some future time, make the 
impress of his individuality upon what is a very 
fine useful art. 


EXERCISE 


Using Fig. 3 as a design basis plan, and referring to 
previous lessons, complete the dimensioning of the 
lan. 
Next, make detail drawings of as many of the parts 
as the student’s progress and initiative will permit. 
Finally make ink tracings from some of the more 
simple drawings. 


(CONCLUSION) 
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GAS ENGINES AND PRODUCERS 


ENGINEERING EDUCATOR 


By Arnotp Rimmer, B.En«c. 


LESSON XIII 
POWER GAS PLANTS 
SUCTION PLANTS 


“National” Anthracite Plant. This plant, 
designed to burn anthracite or coke fuel, is 


Fic. 70, NaTionaL Suction Gas PLANT 
(ANTHRACITE FUEL) 


illustrated in Fig. 70, a section of the producer 
and scrubber being shown in Fig. 71. 

The generator consists of a plain cylindrical 
casing lined with firebrick. The fuel is fed in 
through a hopper of large capacity, arranged 
with double valves which prevent leakage of 
gas or air. Water is fed from a trough at the 
top of the vaporizer and evenly distributed 
over the outside of the latter, where it is evapor- 
ated. Air enters the space between the 


vaporizer and outer casing, mixes with the 
steam, and flows through a passage to the under- 
side of the grate. Additional air is admitted 
at this point, and the combined steam and air 
then pass through the fuel bed. , 

The gas formed then passes to the coke 
scrubber, which is a steel cylinder with a cast- 
iron base (to reduce the effect of corrosion), 
Water is distributed through a sprinkler at the 
top and percolates through the coke, thus 
washing the impurities from the ascending gas. 
A small “‘ purifying scrubber’ may also be fitted 
if the fuel to be used is of inferior quality. 

A hand-driven fan is provided for blowing in 
air when starting up the plant, the gas generated 
meanwhile escaping through the waste pipe. 
The latter is closed when the gas is of sufficient 
richness to be passed to the engine. 

The grate is fitted with conical type fire-bars, 
designed to facilitate the removal of clinker, and 
poking holes are arranged in the side and top of 
the generator. - 

In larger plants the vaporizer is of the flash 
type and is fixed outside the generator, the 
telescopic outer casing allowing of easy access 
to the inner tubes (Fig. 72). A dry scrubber, 
containing coke, wood, wool, and sawdust is 
also provided, and this ensures the gas being 
absolutely dry and clean before passing to the 
engine. 

Crossley Bituminous Fuel Plant. The gas 
plant manufactured by Messrs. Crossley Bros., 
Ltd., for the utilization of bituminous fuel is 
illustrated in Fig. 73, a section of the same being 
shown in Fig. 74. : 

It is of the closed-hearth type, with a conical 
grate consisting of a number of overlapping 
plates. These allow of an even distribution to 
the fire of air and steam, while preventing ashes 
choking the supply of the same. 

The feeding hopper is of the rotary valve 
type, and this is combined with an “ air-lock ”’ 
hopper if it is desired to burn waste wood with 
bituminous coal. 

The vaporizer is situated at the base of the 
generator, thus taking full advantage of the 
heat from the fuel bed and reducing radiation 
losses. In addition, the top of the generator 
is left clear of all apparatus which might tend 
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to foul with dust and tarry products of combus- 
tion. Cleaning doors in the outer casing allow 
of access to the vaporizer for the removal of 
scale, etc., and poking holes, fitted with taper 
_ plugs, are provided in the top of the generator. 
The easy removal of ashes, without the entrance 
of air, is rendered possible by the water seal or 
“Jute” surrounding the generator. Hence, 
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run off through the seal pipe in the base. The 
gas is then passed through a large cylindrical 
filter (containing layers of wood, wool, or 
similar loose material supported on wooden 
grids), after which it is in a thoroughly clean, 
cool, and dry condition. 

Waste Fuel Plants. Reference has already 
been made to’ recent developments in the 
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Fic. 71. NaTIoNAL SucTION Gas PLANT (ANTHRACITE FUEL) 


the plant is capable of continuous working over 
long periods. 

In the pipe leading from the generator is fitted 
a water spray which effectually removes any 
heavy dust in the gas and deposits it in the seal 
box at the bottom of the pipe. The gas then 
passes through a wet scrubber to the centri- 
fugal “tar extractor.’ The latter consists of 
a double bladed fan impeller revolving at high 
speed in a cast-iron casing. A small quantity 
of water is fed in and forms, with the tar 
“ Deaten out ”’ of the gas, an emulsion, which is 
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utilization of waste fuel. The gas plants 


designed for dealing with the latter are similar, 
in general construction, to those already 
described. The producer is usually of the 
closed-hearth type and, as a rule, no vaporizer 
is required, as the fuel itself generally contains 
sufficient moisture to give the necessary steam. 

The waste fuel gas plant as manufactured by 
the National Gas Engine Co., Ltd., is illus- 
trated in Fig. 75, and a section of that made 
by Messrs. Crossley Bros., Ltd., is shown in 
Fig. 76. 
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Fic. 72. NATIONAL Suctron Gas PLANT Fie. . CROSSLEY SucTION GAs PLANT 
73 
(Bituminous FUEL) 


(ANTHRACITE FUEL) 
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A feature of the latter plant is the stepped 
grate, consisting of a number of circular flat- 


Fic. 77. STEPPED GRATE (CROSSLEY) 


plates, upon which the fuel is supported in 
sections. (See also Fig. 77.) 

Since these plates lie outside the angle of 
repose of the fuel, none of the latter will of itself 
fall from the grate, while the fuel rests on its 
own bed of ashes beneath the bottom plate. A 
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large area is provided for the passage of air, 
etc., through the fire, and the condition of the 
same can be readily ascertained and ashes, etc., 
removed without interrupting the process of 
gas making. 


PRESSURE PLANTS 


Although the suction gas plant has now an 
extensive application, there still remain cases 
in which it is desirable that the gas shall be 
supplied to the engine at a pressure in excess 
of that of the atmosphere. The ‘“‘ Dowson ”’ 
and the “ Mond” plants are two well-known 
examples of this type. 

Dowson Gas Plant. In the original Dowson 
plant, steam from a separate boiler was blown 
through a special jet into the incandescent fuel, 
air being induced at the same time. While 
a gas of slightly higher calorific value was 
obtained, the capital cost was considerably 
greater, and the Dowson and Mason Gas Plant 
Co., Ltd., Levenshulme, Manchester, do not 
find much demand for this type of plant at the 
present time, 
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By the kindness of the above firm, a section 
of one of their plants, also associated with the 
name of Mr. Dowson, is shown in Fig. 78. 

It is designed to burn bituminous fuel, and 
is of the closed-hearth type, the fire-bars being 
connected to a rocking lever by means of which 
undue accumulation of ashes may be prevented. 
The generator is open at the top and, at about 
mid-height, is provided with an inverted 
U-channel of refractory material. Gases formed 
from the upper layers of fuel, as it is fed in, 
pass downward, but have their tarry vapours, 
etc., destroyed before mixing with the gas 
arising from the lower portions of the fuel bed. 


BD 
rh [PSS ee Gas rf ‘F 
peat? fasher eel & 
pai a , Sy LN 
(ee Am ] ene] aes 
ay _ Fue/ Bunker =~ 
/ ral atecoh ad i 
/ / i pass == 
hie SL | == 
Fuel Elevator. } it Cas} 
/ 


/ 


6: 


—— 
|| 
l 


ENGINEERING EDUCATOR 


The fuel used may be ordinary bituminous 
slack or coal, colliery refuse, etc., and a com- 
plete plant may include arrangements for the 
recovery of sulphate of ammonia and other 
by-products (Fig. 80). 

In Fig. 8r is shown a diagrammatic section of 
a non-recovery plant, while an illustration of the 
producer and accessories is shown in Fig. 82, 
and that of the gas washing and cleaning plant 
in Fig. 83. 

The generator is fixed on a concrete founda- 
tion and provided with a water lute. The 
grate, which may be of the mechanical type 
as shown in Fig. 84, is of conical form, built 
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Fic. 81. Monp Non-RECovERY Power Gas PLANT 
(Power Gas Corporation) 


The gas then passes via the external vapor- 
izer B to the scrubbers C, D, and E, and then 
to the blower F (which draws the gas through 
the system). A gas-holder H is provided and 
this is connected to a regulating valve G, by 
means of which gas may be by-passed from the 
delivery to the suction side of the blower when 
the supply of gas exceeds the demand. 

In Fig. 79 is shown an open-hearth plant, 
made by the same firm, to use anthracite as fuel. 

It is combined with a booster by means of 
which the gas may be delivered at a pressure up 
to 80 in. of water. As will be seen, a more 
elaborate cleaning plant, including an oxide 
purifier, is provided in this case. 

Mond Gas Plants. The sole manufacture of 
these plants, under the Mond and Lymn patents, 
is carried out by the Power Gas Corporation, 
Ltd., Parkfield Works, Stockton-on-Tees, by 
whose courtesy they are here described. 


up of cast-iron sections and provided with 
air slots, the blast pipe passing through 
the foundation from a blower of the steam jet 
type. : 

The feeding hopper has a sliding cover and 
balanced cone valve, and below this is a fuel 
container (provided with suitable poke holes. 
In this the gases from a fresh charge are dis- 
tilled, and the tarry products have then to 
pass through a hotter zone, in which they are 
converted into fixed gases. Fuel-handling 
plant, as indicated, is frequently- included in 
the producer equipment. 

The Lymn gas washer and reaction tower is 
of patented design. It contains no moving 
parts, and requires a minimum of attention and 
upkeep. By means of discs fixed to a central 
shaft and inverted truncated cones attached to 
the outer casing, the momentum of the upward 
flowing gases is utilized to atomize water falling 


Fic. 82. GAS PRODUCER WITH MECHANICAL GRATE, 
FuEL FEED, AND STIRRER 
“(Power Gas Corporation) 


Fic. 83. GAs WASHING AND CLEANING PLANT 
(Power Gas Corporation) 
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in thin sheets, resulting in an intimate contact 
between the two fluids. 
The two centrifugal cleaners are normally 
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The drains from the various parts of the 
plant run to a settling tank from which the 
water escapes, and the tar is collected and 
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Fic. 84. MECHANICAL GRATE 
(Power Gas Corporation) 


arranged to work in series (though by-passes, 
for cleaning purposes may be arranged), and 
each is provided with a tar-drain water sealed in 
a lute. 

The scrubber is filled with shavings and saw- 
dust (arranged on wooden grids), which only 
require renewal a few times per year. The 
spent material may be burnt under the steam 
boiler. 


utilized in various ways depending on local 
conditions. 

The gas pressure may be kept very constant 
by fitting a small gas-holder, the bell of which, as 
it approaches its top position, actuates a relief 

valve on the blast main, thus reducing - the 
pressure in the same and automatically con- 
trolling the production of gas according to the 
load on the engine. 


(CoNncLusIon) 
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STEAM BOILERS AND THEIR ACCESSORIES 


By Percy E. Rycrort,.M:B.E., M.1.E.E. 


LESSON - XII 
DRAUGHT 


THERE is nothing more important in connection 
with steam raising plant than the question of 
providing a suitable and continuous supply of 


always weighs less than the outer column of cold 
air, and a permanent out of balance results. 
By this means air is continually forced by 
atmospheric pressure through the furnace, and 
a definite and measurable degree of draught is 
obtained, varying with the height of the chimney 
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Fic. 77. CURVE SHOWING THE THEORETICAL DRAUGHT PRODUCED BY CHIMNEY STACKS OF DIFFERENT 
HEIGHTS WITH DIFFERENT TEMPERATURES OF FLUE GASES AND OF ATMOSPHERE 


air—or more precisely, oxygen-—to the boiler 
furnace in order that efficient combustion of the 
fuel may be assured. 

An ordinary chimney operating under what 
is known as “ natural draught ” conditions per- 
forms this function by reason of the fact that 
heated air occupies a greater space for a given 
weight than cold air. 

If we visualize the column of air in a chimney 
and a column of air of similar dimensions 
outside, as the two legs of a U tube in which the 
boiler furnace forms the connecting portion, it 
will be seen that the inside column of warm air 


and the temperature of the gases entering the 
chimney. 

Although, as has been said, it is really the 
pressure of the atmosphere which forces air 
through a furnace into the partial vacuum 
formed by the expansion of the heated air, 
it is more usual to talk of a suction draught 
at the boiler outlet, and this is conveniently 
measured and referred to in terms of inches of 
water. 

As an example, “ one inch of draught ” is an 
air pressure or suction of sufficient intensity, 
when applied to one side of a U tube partially 
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filled with water, to create a difference in water 
level between the two sides of one inch, 

In view of what has been said it will be 
evident that the higher the chimney the greater 
wil! be the difference in weight 
of the inside and outside 
columns of air and, conse- 
quently, the greater the in- 
tensity of the draught. 

Similarly, it will be obvious 
that the hotter the tempera- 
ture at which the flue gases are 
discharged to the chimney the 
less will be their density, and 
the greater their velocity, so 
that this consideration also 
has a material effect upon 
the draught obtained by 
“natural ’’ means. 

In the accompanying table 
the theoretical draught avail- 
able from chimneys of varying 
heights, under given condi- 
tions of atmospheric and flue 
gas temperatures, can be 
readily calculated. As an 
example, if we desire to ascer- 
tain the draught of a chimney 
150 ft. high with a flue gas 
temperature of 400° F., while 
that of the outside air is 
60° F., we follow the 400° F. 
line vertically until it cuts the 
60° F. air temperature curve. 
By carrying this point across 
horizontally until it meets the 
150 ft. chimney line, and from 
here dropping vertically to 
the base line, we can read off 
the theoretical draught at 
the chimney base, viz. -825 in. 

After selecting a few such 
examples it will soon be seen 
that for a draught of anything 
over an inch and a half the 
Fic. 78. Serr sup- height of chimney required, 
a RTING STEEL if natural draught alone is to 

"Conn ie Baca be, télied upon, becomes a 

CoNE AT BASE Pp call 

matter for serious considera 
tion, not only on account of mechanical 
difficulties of construction, but also for the 
cost involved. Moreover, although brick chim- 
neys have been constructed up to a height of 
400/ft., and many thousands between 150- 
250 ft. are still in use. the draught requirements 


of large modern steam raising plants can no 
longer be always satisfactorily met by “‘ natural’ 
means alone. 

The addition of superheaters. economizers, 
air heaters, dust catchers, and other modern 
accessories to the boiler proper all offer addi- 
tional resistance to the passage of the furnace 
gases through the unit, and it is now not at 
all uncommon for from 2} in. to 3 in. of water 


_ Fic. 79. SINGLE-INLET FAN IMPELLER 
(Davidson) 


gauge or even more to be allowed for at the 
chimney base to overcome this resistance. In 
addition the necessity for extracting the maxi-~ 
mum possible percentage of heat from the flue 
gases, before allowing them to escape to atmo- 
sphere, deprives the chimney of any assistance 
due to high temperature, as many modern 
plants now exhaust their gases at very little 
above 200° F. 

All these considerations would have involved 
chimneys of gigantic proportions and led natu- 
rally to the development of mechanical draught 
where, by means of electrically or steam 
operated fans inserted in the flue circuit, any 
desired draught can be readily provided, quite 
irrespective of the height of the chimney or of 
the temperature of the flue gases. 
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This being so, the relatively short, light, 
cheap, and quickly erected steel chimney has 
rapidly advanced in favour so that its use in 
all the larger plants is now universal, a separate 
chimney for each complete unit or pair of units 
being the common practice. 

As to height it may be taken that if mechan- 
ical draught is to be reiied upon entirely, as is 
the case with very large units, a distance of 
60 ft. from the firing level to the top of the 
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possibility of moisture getting between the 
lining and the chimney plates, as more harm in 
the form of corrosion is likely to occur under 
this condition than if the chimney is entirely 
unprotected so far as the introduction of a 
lining is concerned. Steel chimneys are either 
parallel from base to top and stayed by means 
of guy ropes or are coned or gusseted at the 
base in order to be self-supporting. 

Mechanical draught may be classified under 


Fic. 80. DirRECT-COUPLED MoTOR-DRIVEN INDUCED DRAUGHT FAN 
(Babcock & Wilcox, Limited) 


stack is sufficient. In moderate sized plants, 
however, where a certain proportion of the daily 
load can be adequately dealt with by means of 
natural draught, a height of from 100 ft. to 
120 ft. should be provided. as this will enable 
the fans to be shut down, and so reduce power 
expenditure during the lighter load periods. 

Opinions vary a little as to the desirability 
or otherwise of lining steel chimneys with 
brickwork. 

Generally speaking, there is no advantage in 
providing a lining except, perhaps, for a few 
feet from the base, where the additional weight 
adds to the stability of the structure. Care 
must, however, always be taken to prevent the 


three headings, (1) Induced, (2) Forced. (3) 
Balanced. 

Simple induced draught is the most common 
and can usually be added to existing installa- 
tions with very little trouble. Forced draught 
generally involves the closing in and sealing of 
the ash-pits, or underside of the grate furnace, 
but may be provided by means of a steam blast, 
while balanced draught is probably the must 
efficient of all and is a combination of both 
induced and forced. 

Induced draught fans are either electrically 
or engine driven, and are located either at or 
close to the base of the stack. 

It is the best practice to arrange a by-pass 


1526 


flue, so that the flue gases can be exhausted 
direct into the chimney without passing through 
the fan, when it is not necessary for the fan to 
be employed. 

It should be noted that owing to the tempera- 
ture of the gases with which the fan deals, a 
considerable amount of heat is conducted along 
the fan and motor shaft, and the fan bearings 
are, therefore, usually water-cooled. 

The most general arrangement is for an over- 
hung fan to be employed, drawing in the flue 
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can be obtained from a given plant. The degree 
to which this additional evaporation can be 
extended is, of course, limited by a number of 
factors and must not be unduly stressed, but 
the advantage of a flexible draught for dealing 
with poor quality fuel and fuels low in volatile 
matter will be apparent. It must be noted, 
however, that as the suction draught is increased 
so the liability of infiltration of air through 
furnace brickwork and flue leaks becomes 
intensified, and it is of particular importance to 
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gases at the centre and discharging them through 
an outlet in the casing provided at some point 
of the fan’s periphery. 

Wherever possible, induced draught fans 
should be provided with some means of speed 
regulation. 

With a steam-engine or direct current motor 
this is a simple matter to arrange, but with 
alternating current motors the problem 1s 
rather more difficult. Fans can be belt or 
chain driven, but a direct couple to the prime 
mover is the best arrangement. 

By the installation of an induced draught 
plant and the provision thereby of an increased 
suction draught through the furnace a higher 
consumption of fuel per square foot of grate 
area and, consequently, a higher evaporation 


“Strocco ’’’ Fan CouPLED TO STEAM-ENGINE 
(Fan Casing Removed) 
(Davidson) 


prevent such leakages 
maintained. ; 
The primary function for forced draught is to 
overcome the resistance of the fuel bed to the 
passage of air through the grate, and where 
heavy fires are employed this resistance may 
require a water gauge pressure of as much as 
3% in. to 4 in. to overcome it although from 
I in. to 2 in. is sufficient for most conditions. 
The best method of applying forced draught 
is to enclose the ash-pit and. utilize fans for 
creating the necessary air pressure. Steam jets 
are, however, often used to blow air directly 
between the grate bars, more particularly with 
hand-fired installations. Such a steam and 


if efficiency is to be 


air blast is quite effective in the burning of 


low grade or low volatile fuels, but has the 


; 


: 
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demerits of being noisy and somewhat wasteful 
of steam. 

A consumption of 5 per cent of the boiler 
output is a not uncommon figure when steam 


Fic. 82. WATER-COOLED FAN BEARING 


(Davidson) 
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jets are used, and this can be easily exceeded 
as the cutting action of the steam speedily 
enlarges the nozzle orifice. 

With the larger modern plants the use of 
balanced draught is being very largely adopted. 

In this case the furnace ash-pits are enclosed 
or a series. of air-tight compartments are 
arranged directly under the fire-grate, into which 
air is delivered under pressure by means of a 
forced draught fan. 

Sufficient pressure is provided to overcome 
the resistance of the fuel bed, while the suction 
draught is so regulated that it will just pull 
the gases through the boiler, the draught in the 
actual furnace being practically balanced. In 


'. some of the latest designs of fire-grate, arrange- 


ments are provided whereby the under-grate 
pressure over various sections can be regulated 
independently, and this is a particularly valu- 
able feature when varying grades of fuel have 
to be dealt with. 


Fic. 83. TyprcAat MoDERN SUPER ELECTRIC POWER HOUSE, SHOWING BATTERY OF STEEL 
CHIMNEYS, EACH BOILER UNIT HAVING A SEPARATE STACK 


(Davidson) 


(CONCLUSION) 
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REFRIGERATING MACHINERY 


By G. W. Danrets, M.EnG., WH.Ex., A.M.I.MeEcu.E. 


LESSON V 2. By brine circulation. 
3. By cold air circulation. 
COLD STORAGE In the first. flat grids of pipes are secured to 
One of the principal duties of refrigerating the walls and ceilings of the cold store chambers, 
machinery on land is the cooling of the cold and the refrigerant, ammonia, or CO,, is allowed 
stores which contain our food supplies. to evaporate directly in these pipes ; hence the 


CONCRETE FLOOR 


Fic. 28. ARRANGEMENT OF TYPICAL SMALL CoLD Room 


There are three methods by which this name, direct expansion. This system is the 
cooling is performed— cheapest in first cost and in operating cost 
1. By direct expansion. whenever it is practicable. Cases arise, however, 
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when it is not desirable to use it, and it 
possesses the great disadvantage that immedi- 
ately the machinery stops, the temperature 
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is required for the cold rooms. There is 
thus a double set of cooling pipes required 
together with a double transmission of the 
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Fic. 30. ARRANGEMENT OF COLD RooMS FOR COLD AIR CIRCULATION 


‘in the cold chambers will begin to rise, more or 
less rapidly, depending upon the conditions. 

In the second system, the refrigerant is 
employed to cool brine which is then pumped 
round the pipes fitted on the walls and ceilings. 
_ This system is more costly than the direct 
_ expansion system, because firstly, a set of coils 
or pipes is necessary by which the refrigerant 
cools the brine, and then a set of brine pipes 

97—(5462) 


cold, and this makes for increased operating 
cost. 

With the brine system the temperature in the 
rooms will not rise rapidly when the machinery 
is stopped, because the great weight of cold 
brine in the pipes will itself keep the rooms cold 
for a considerable time. 

While both the foregoing systems will keep 
the rooms cold, they fail in one essential item 
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which is of vital importance in the successful 
storage of some kinds of goods, such as fruit, 
eggs, etc. This point is that of ventilation. 
Fruits, etc., give off gases during storage 
which, if allowed to accumulate in the rooms, 
would contaminate the goods. Neither the 
direct expansion nor the brine system provides 
for the removal of such gases nor indeed any 
ventilation at all, except such as accidentally 
occurs by the opening and closing of the doors. 
We therefore find that goods of the kinds just 
mentioned are cooled by some system of air 
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them and collected in a tank underneath. This 
is very desirable, as it washes the air in circula- 
tion and gives a more effective cooling, and, 
further, the cold brine forms a reserve of cold 
by means of which the rooms may be kept cold 
after the refrigerating machine is stopped. This 
is done by keeping the fan running and circu- 
lating the air over the pipes down which the 
cold brine is running. 

Fig. 28 illustrates a,typical small cold room 
for the storage of meat, and is such as would 
be used at a large butcher’s shop, or hotel, etc. 
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circulation. With this there are often no pipes 
fitted in the cold rooms at all. The cold pipes 
are contained in a small chamber or casing and 
a fan blows air over them. The air thus cooled 
is led by a system of trunks or passage ways to 
the various cold rooms. In the room a trunk 
delivering the cold air is arranged to run the 
whole length of the room, while on the opposite 
side of the room there is a trunk connected to 
the fan suction and through which air is con- 
tinually withdrawn from the room. The foul 
gases are thus continuously withdrawn, and 
arrangements are made to take in periodically 
some fresh air from the atmosphere, pass it 
over the cooling pipes and deliver it into the 
rooms. These are thus kept sweet. The pipes 
used for cooling the air are often cooled by 
brine, or brine is showered over the outside of 


The cooling in this instance is done by direct 
expansion or cold brine pipes on the side walls. 
At one end of the room a screen or partition 
of timber is constructed, and behind this is 
placed a tank containing brine. Inside the 
tank is placed a grid or coil of pipe which is 
connected to the other cooling pipes on the 
walls. While the machine is working, the 
brine in this tank is cooled, and afterwards it 
serves to keep the room cool when the machine 
is stopped. In order to keep the atmosphere 
of the room crisp and dry, a small electric- 
ally-driven fan is fitted in the timber partition 
and circulates the air over the brine tank and 
through the room. Any excess moisture in the 
air is condensed out of it and deposited on the 
brine tank. Periodically, of course, the room 
must be emptied, and allowed to warm up in 
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order to thaw off any snow and ice which may 
have formed on the piping. 

The thawing-out has to be done at longer or 
shorter intervals with all rooms cooled by 
pipes, whether direct expansion or brine circu- 
lation and whether large or small. The fre- 
quency of thawing-out will depend upon the 
particular working conditions. 

Fig. 29 shows the general arrangement of a 
larger cold store cooled by direct expansion 
pipes. The arrangement of the piping on the 
walls and the general arrangement of the stores, 
lifts, etc., will be noticed. 

Fig. 30 shows the arrangement of a cold 
room cooled by air circulation, and shows the 
air trunks and ducts running along two sides 
of the room. 

All cold rooms must be insulated to prevent 
heat leaking in from the outside and raising the 
temperature. In Fig. 28, the insulation con- 
sists of two layers of cork slabs secured to the 
walls, floor, and ceiling by cement or bitumen. 
The surface of the cork slabs inside the-room is 


1531 


coated with cement plaster and painted or 
enamelled. The floors are finished with a coat- 
ing of asphalt or granolithic. This is the best 
method of insulating such rooms, as it permits 
of their being kept perfectly clean. The older 
method of using granulated cork or similar 
material encased in boards is not so good. Apart 
from trouble due to the timber rotting, such 
insulation is liable to harbour vermin, and to 
acquire odours from strong smelling goods and 
transmit them to more delicate goods. 

Fig. 30A shows the type of insulated door used 
in cold storage chambers. The framing and 
door posts are of heavy section pitch pine 
securely braced together. The interior of the 
door is filled up with cork insulation and faced 
with boards. All doors should have fasteners 
which can be operated from either side of the 
door. Hinges should be adjustable because 
these heavy doors drag on their hinges and 
require occasional adjustment. The sills of the 
doors are usually covered with a galvanized 
iron plate to prevent wear of the timber sill. 


(CONCLUSION) 
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By JosepH G. Horner, A.M.I.MeEcuH.E. 


LESSON XXII 


MULTIPLE SPINDLE 
AUTOMATICS 


The Multiple Spindle Automatics. The designs 
of these are varied greatly. Some are built for 
bar work only, others—these often with verti- 
cal spindles—for chuck work only. Four to 
five working spindles are usually included, 
carried in one head, all in simultaneous action 
and wholly automatic, the rotation, the index- 
ing, the gripping, the feeding going on continu- 
ally, while the duties of the attendant are 
limited to supplying stock and removing finished 
pieces. The design is only adapted for work 
that is highly repetitive. When shop space is 
limited, a multi-spindle machine occupies no 
more floor area than a single spindle automatic 
does. Lengths of shafting, costs of supervision, 


and overhead charges are reduced. Against 
these, the higher outlay on the machines has to 
be set off. The question becomes that of the 
relation of output to expenditure. 

Some of these machines have no turret, but 
its place is taken by tool-holding bars, which are 
set in alignment with the work-holding spindles, 
rotated and indexed. The tool bars take the 
place of the tool holders that are attached to 
turret faces. Each bar is equipped with its 
tool or set of tools as required for roughing and 
finishing, turning, boring, threading, etc. The 
tool equipment for producing a simple article 
may be very elaborate, yet when tens or hun- 
dreds of thousands of similar pieces are being 
made, the cost per piece, though involving the 
action of several tools is ridiculously small, being 
often only the fraction of a penny. 

Some machines by the New Britain Machine 
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Company of New Britain, Connecticut, U.S.A., 
are of the chucking type. The spindles in the 
head, which is rotated and indexed, carry the 
revolving tools, while as many pieces of work 
as there are spindles are held stationary in the 
multiple chuck turret which advances and feeds 
the work against the revolving tools. The 
centres of the work-holding sections of the 
turret are arranged in a true polygon, around 
the axial centre. The centres of the tool 


spindles are aligned exactly with all but one of 
the turret section centres on the polygon. As 
the turret indexes it brings the chuck section 
the 


opposite where there is no tool, where 


i 


operator is stationed for unloading and loading. 
In this machine the turret advances and feeds 
the work against the revolving tools. A double 
head machine is also made in which two sets 
of revolving tools advance from opposite sides to 
a central turret, so halving the time occupied 
when both ends of a piece have to be tooled. 

The most recent single head machine of the 
work rotating type is shown by the photograph, 
Fig. 156. The novel feature is an air control 
operated by a single valve each time a work 
spindle is indexed into the loading position. The 
object is to relieve the operator of the labour of 
hand chucking, giving him time to attend to 
two machines. The control disengages the 
drive to that particular spindle, applies a brake 
to stop the rotation quickly and actuates the 
cJutch mechanism to release the work. When 
the chuck has been reloaded the air valve is 
operated a second time to grip the jaws on the 
work, release the brake and engage the drive to 
the spindle. 


Fic. 156. MULTIPLE SPINDLE AUTOMATIC WITH AIR CONTROL 
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The machine shown has four work spindles, 
or six if desired. There are four tool stations 
on the longitudinal tool slide, one station on the 
front cross slide, and two stations on the rear 
cross slide, and each can be used separately or 
in conjunction. All movements are derived 
from the single speed pulley, seen at the right 
of Fig. 156, belt or motor driven. The drive 
is transmitted and varied through change gears 
in the box A to a shaft B that extends forward 
into the headstock to drive the tool spindles. 
The speeds can be changed without altering 
rates of feed, and vice versa. At the farther 
end of the shaft B a spur gear is mounted, that 
meshes with a pinion on the 
spindles which are disposed 
inacircle round the shaft,and 
contained in a cylindrical 
casing that has bearings in 
the housing &. A spur gear 
of large diameter is mounted 
directly on the spindle 
cylinder to provide for the 
indexing movements. From 
a second set of change gears 
in the box A, and gears con- 
trolled by a clutch handle 
C to drive the cam drum 
D by means of an internal 
ring gear. The drum drives 
the shaft on -which it is 
mounted, which extends to 
the forward end of the 
machine. At a point below the headstock a pair 
of elliptical spur gears, with Geneva mechanism, 
intermittently engages the slots of a member 
mounted loosely on the shaft, and geared to 
the indexing ring on the spindle cylinder, with 
the result that the indexing is accomplished 
during a brief portion of the rotation of the 
cam drum D. Round the spindle cylinder are 
slots equal in number to the spindles which are 
successively engaged by a locking bolt, with- 
drawn with a cam and-lever, and thrust into 
place with springs. 

As the work in this machine is carried in the 
headstock spindles the feeds are imparted to the 
tool slide F, the feed and return being imparted 
by the strips on the cam drum D, with a con- 
necting shoe that can be attached to the slide 
in two positions for adjustment of the forward 
and return positions of the slide. On the cam- 
shaft driven by D, a disc with cams mounted 
on both sides controls the movements of the 
cross slides, that for the front slide being 
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controlled with the lever arm J, a similar one 
being mounted at the back for the rear slide. 
There is a fast return drive to the cam drum, 
effected through gearing, to reduce the time of 
a cycle. 

The air valve for controlling the spindle in 
the loading position is seen at U. As a finished 
part reaches the loading position the valve is 
operated to admit air into the upper portion of 
the cylinder P to push down the piston, and, 
through the connection, the slide Q. Two 
cam paths near the top of this slide operate 
successively the bars that control the spindle 
driving clutch and brake, and the chuck jaw 
operating rod and release. A third cam path 
on slide Q operates longitudinally a bar that 
extends towards the driving end of the machine, 
and is connected through a gear segment under 
the cover R toa bar S on which a dog is mounted. 
This disconnects the drive to the tool slides and 
the spindle indexing mechanism, in case the 
operator has not chucked a new piece, of work 
by the time that the main tool slide has com- 
pleted its return movement. Attached to this 
tool slide is a bracket to which is fastened the 
rod ZY. When the spindle has been reloaded 
the rod S and its dog is moved forward, the dog 
pushes the part containing the rod T sideways, 
and so the rod will strike the handle C, and stop 
the machine with the exception of the spindle 
rotation. 

The Gridley Design. One of these is shown 
by Fig. 157. It has four spindles, for bar work, 
and is fully automatic, so that one man can 
attend to three or four machines. One of the 
characteristic features is, that the place of the 
turret is taken by a four-sided tool slide, with 
chamfered edges against which the tool holders 
are bolted. The advantage gained is that the 
tools are supported close to their cutting points 
with the avoidance of spring. All the tools are 
working simultaneously on the four stock bars, 
and they are cammed so that the different 
operations finish at the same time, including 
the cutting off of the finished piece. The align- 
ment of the tool slide with the spindle-carrying 
cylinder is assured by the extension of the 
central part of the cylinder to the farther end 
of the machine, and mounting the tool slide on 
it. This extension is the spindle carrier, which 
has a rotating step-by-step movement, to bring 
the work spindles into alignment with the tools 
held on the tool slide, which does not rotate. 
After each partial revolution of the spindle 
carrier, with the bars of stock, the tools are 


1533 


moved forward, and each tool performs its 
required operation. Then the tool is with- 
drawn, the spindle indexed another step, so 
bringing the work into alignment with another 
tool. A finished piece is produced every time 
the tool slide moves forward. 

The driving shaft at the centre of the spindle- 
carrying cylinder has a gear that meshes with 
a gear on each spindle. The shaft is speeded 
by change gears driven from a pulley running at 
a constant speed, or a motor. The spindles 
have the usual collets and fingers. During the 
indexing the start and stop are without shock, 
but the intermediate movement is rapid. 
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Movements are effected with cams on a lower 
shaft actuated from the main driving shaft 
through change and worm gears. It carries cams 
for feeding the tool slide, for operating the cutting 
off and forming tools, for operating the chuck 
and feeding stock mechanism which advances 
the bars while the tools are idle, and the 
mechanism for revolving the spindle cylinder. 

It is not necessary to give attention to the 
feed when setting up the machine. The 
spindle and feed box are geared together, and 
the feeds are controlled by a lever which will 
feed a definite length independently of the num- 
ber of revolutions of the spindle per minute. If 
the tools advance I in. while the spindle makes 
125 revolutions, this is not so economical as 
the same advance with the spindle making 
100 revolutions. The advantage of the design 
is, that the operator ascertains by tentative 
settings of the feed box lever the mean between 
a feed too fine and one too coarse. 
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Besides turning, the machine includes some 
valuable accessories for threading, reaming, and 
high speed drilling. Gear ratios are provided 
for threading with a cam through spur gears 
and a clutch, the ratios being related to the 
spindle speeds. Slow motions are provided for 
cutting ; rapid, for running the dies off. Right- 
or left-hand threads can be cut. An accelerated 
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edged type. They are mounted singly, or in 
combination in holders that are straddled over 
the edges of the tool slide and secured with tee- 
head bolts. A group of turning tools is shown 
by Fig. 158. A, B, and C are independent 
back rests, used when heavy turning or forming 
is being done from the cross slides or the tool 
bar. D is with tool-holder. E shows three 
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reaming attachment permits of reaming a hole 
of greater depth than the travel of the tool 
slide. A high speed drilling attachment per- 
mits of rotating the drill into the rotating work, 
so rendering high cutting speeds available. The 
cross slide carries forming and cutting-off tools 
that are fed with cams at right angles with 
those on the longitudinal tool slide. Heavy 
cutting is divided between an upper and a lower 
tool, the first roughing, the second finishing. 
The tools used are mostly of a simple, single- 


turning tools, individually adjusted with a 
collar head screw and opposed with back rests 
adjustable along the holder. In this design, 
more than one diameter can be produced at one 
traverse of the tool slide. : 

In all this class of machines, when a spindle 
is run at a definite speed, and more than one 
tool is in operation, it seldom happens that all 
the tools can be cutting at their most appropri- 
ate speeds. Then the time is set for the tool 
that performs the longest single operation. 


(ConcLUSION) 
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DIESEL ENGINES 


CONSTRUCTION, OPERATION, AND MAINTENANCE 


By A. Orton, A.M.I.MrEcuH.E. 


LESSON. XIII 
GENERAL REVIEW 


In this the last lesson of the present series, it 
is proposed to refer, necessarily very briefly, to 
the performance of present-day Diesel engines, 
the general relationship between Diesel engines 
and other modern oil engines, the state of 
development at which the Diesel engine has now 
arrived and its prospects for the future. 

Diesel Engine Performance. Naturally, the 
greatest importance in this respect is attached 
to fuel economy, or rather heat economy. In 
the first lesson a comparison was made between 
the efficiencies of the Diesel engine and of some 
other types of engine. Virtually, the figures 
there given stand good to-day, except that the 
early low compression type of oil engines there 
quoted is now obsolete, and that some improve- 
ment has been made in the fuel consumption of 
the Diesel. It is now fairly common for the 
best Diesel engines, of both air injection and 
solid injection types, to attain fuel consumptions 
of less than 0-4 Ib. of oil per brake horse-power 
hour at full power. Taking this figure and 
assuming a net heat value of the oil as 
18,000 B.Th.U.’s per lb., we find that the thermal 
efficiency of the engine is 35-4 per cent on the 
brake horse-power basis, whilst on the indicated 
horse-power basis, assuming a mechanical 
efficiency of 78 per cent, the figure works out as 
45°3 per cent. 

Now the laws of thermodynamics show that 
the Diesel engine cycle, even if carried out in a 
theoretically perfect manner, that is without 
any heat losses except to the exhaust, could 
only attain an indicated thermal efficiency of 
about 59 per cent. Practical considerations, 
however, place the maximum attainable effici- 
ency so much nearer 45 per cent that there is 
scarcely any hope of much further improvement 
in this respect. The only possibilities lie in 
further increasing the compression and maxi- 
mum combustion pressures, or, by means of 
improved mechanical construction, increasing 
the mechanical efficiency. Little can be 
expected in either of these two directions, how- 
ever, and though makers are constantly effecting 
improvements in detail, these are of importance 


chiefly from-the point of view of reliability in 
running, convenience in operation, or cheap- 
ness in construction. 

Typical performance curves for a good average 
four-stroke, constant speed engine are given in 
Fig. 42, the figures for the fuel consumption 


being taken on a comparatively conservative 
basis. From these curves the’various character- 
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istics associated with the changes from “ no- 
load” to “ full-load ” can be studied. 

Present-day Oil Engines. We are concerned 
here only with engines which use heavy petro- 
leum fuel oils, i.e. oils having specific gravities 
not less than -85, and there are two main types 
which call for any special comparison with the 
Diesel engine, the so-called semi-Diesel engine 
and the high compression cold-starting engine 
respectively. 

The first is an engine known variously as the 
“hot bulb” or “surface ignition” type, 
because the essential principle of its working is 
that the fuel oil is sprayed into the cylinder so 
that it impinges upon an uncooled, and therefore 
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very hot, portion of the combustion cham- 
ber walls. The heat of this surface is the main 
factor in bringing about the vaporization and 
ignition of the oil, the compression pressure, and 
consequently the compression temperature, 
being too low to effect this of itself. Owing to 
this low compression, usually from 150 to 
180 lb. per sq. in., it is impossible to start the 
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engine until the hot bulb has been artificially 
heated to such a degree that it will ignite the 
fuel oil when sprayed upon it. The engine is, 
of course, set in motion in the usual way, by 
hand (if small enough) or by compressed air, 
and for a short time the hot bulb is kept heated 
by a blow-lamp or burner, but afterwards is 
maintained hot by the heat of combustion in 
the cylinder. Ignition of the fuel then takes 
place automatically as the combined result of 
the hot surface and the compression tempera- 
ture. The maximum combustion pressure in 
these engines amounts to about 300 or 350 |b. 
per sq. in. 

Engines working on this principle are made 
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both on the four-stroke cycle and the two- 
stroke cycle, the former more often as hori- 
zontal engines and the latter as vertical. The 
most popular type at the present time is the 
latter, a vertical, two-stroke, port-scavenging 
engine, in which the underside of the main 
piston acts as a scavenge piston, and the 
crank chamber itself, or in some cases a space 
above it separated from the crank chamber by a 
diaphragm, serves as the scavenge air chamber. 
Fig. 43 is a cross-section of a typical engine of 
this class, and shows the general construction 
quite clearly. This is, perhaps, the simplest 
form of oil engine made and, for certain pur- 
poses, is very suitable. But its dependence for 
ignition on a hot surface, the heat of which varies 
with the load on the engine, renders it somewhat 
sensitive to, and less able to deal with rapid 
changes of load, and its inherently lower fuel 
economy place it on a definitely lower plane of 
technical excellence than that of the Diesel 
engine, 

The second main type, known as the “‘ cold- 
starting high compression”’ engine, is, in all 
essential respects, a Diesel engine with solid ~ 
injection. In fact, on the Continent and in 
America, such engines are almost invariably 
described as ‘“‘ compressorless”’ Diesel engines 
or “airless injection’’ Diesel engines. The 
compression pressure of such engines is usually 
equal to, or nearly equal to, that of a normal 
or “ full” Diesel, while the type of combustion 
and the pressures attained correspond essen- 
tially with those already described in previous 
lessons for the solid injection Diesel engine. 
These engines are chiefly manufactured in the 
horizontal and vertical four-stroke types, but to 
some extent also as vertical, two-stroke port- 
scavenging engines. In so far as they are 
successful in attaining a similar degree of relia- | 
bility they possess all the advantages, which 
have already been referred to, associated with 
the solid injection system, that is, the absence 
of the cooling effect of the blast air and the 
necessity for its regulation and the avoidance 
of any continuously running air compressor. 
They naturally possess also its disadvantages. 

Between these two main types there are also 
intermediate types employing medium degrees 
of compression, about 300 Ib. per’sq. in., having 
fully water-cooled combustion chambers, but 
employing some form of auxiliary apparatus to 
get over the initial difficulty of starting when 
cold. One such form of apparatus is an elec- 
trically-heated plug or coil fitted into the 
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combustion space, and which is rendered incan- 
descent before starting by an electric current from 
a battery or other convenient source, thus form- 
ing a “ hot spot ’”’ which causes the ignition of 
the oil spray at the first injection. When the 
engine is properly running the electric current 
is cut off, and the heat of compression is then 
sufficient to ensure regular ignition. Other 
means of effecting the same purpose are adopted 
also, such as, in small engines, the insertion of 
a glowing cartridge of paper which burns com- 
pletely away when the engine is running, or, 
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that the engine is able to meet all conditions of 
load, within its proper capacity, equally weil, 
because the factors controlling ignition and 
combustion are independent of any changes 
that depend on the load. 

Thus it may be claimed that the Diesel engine 
constitutes the highest standard of perfection 
towards which all other types tend to converge, 
and this view is supported by the present 
tendency of oil engine design generally. Low 
compression is everywhere being superseded by 
high compression, and with it are disappearing 
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as in certain large marine engines, the heating 
up of the cylinders before starting by passing 
steam or hot water through the engine jackets. 
For each of these various types of oil engine 
some particular advantage can be claimed, such 
as the simplicity of construction, the low maxi- 
mum pressure and cheapness of the hot bulb 
two-stroke engine and, to some extent, also of 
the medium compression engines of the same 
type, which can claim in addition a fuel economy 
approaching that of the Diesel engine. Yet, in 
so far as any of them fall short of the full 
Diesel principle of high compression and self- 
ignition, so must they suffer some inherent dis- 
advantages, such as lower economy, inability to 
deal so well with rapid changes of load, and the 
necessity of using extraneous devices for start- 
ing. The principles of the Diesel cycle are such 


all those devices for starting or for meeting 
unfavourable changes of load which have been 
necessary in the past. It might well be pre- 
dicted, therefore, that the ultimate form of the 
reciprocating heavy oil engine will be not far 
different in any essential principle from that of 
the present Diesel engine. 

Present Position and Prospects of the Diesel 
Engine. The commercial development of the 
Diesel engine may be said to have begun with 
the present century. Before the year 1g00 
comparatively few engines existed, and none 
of more than about I0oob.h.p. Progress at 
first was slow, but since about 1908, apart from 
the years of the war, developments have taken 
place so rapidly that the engine is now recog- 
nized as a most reliable prime mover, suitable 
for both small and large units, and withal the 
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most economical one thermally that is avail- 
able. It has proved itself to be eminently 
suitable for the exacting requirements of 
electric power generation on land, and has also 
been adopted so largely and successfully for 
ship propulsion that, in the year 1925, no less 
than 36 ships, each of not less than 2,000 tons 
dead weight, and totally oyer 321,000 tons dead 
weight, were completed in British shipyards 
alone, the total output for the world in the same 
period being 127 ships, totalling over one 
million tons dead weight. 

It has been impossible for reasons of space 
to refer in the present articles to any of the 
special apparatus necessary to adapt the Diesel 
engine for marine purposes, but it may be 
stated simply that no insuperable difficulties 
have been met in fulfilling all the demands of 
the case. The problems associated with the 
reversing of marine engines rapidly and cer- 
tainly, for long-continued manoeuvring opera- 
tions, have been completely solved and, in this 
respect, the modern Diesel marine engine is in 
no way inferior to the best steam-engines. 

As regards the powers available the position 
may be indicated by the fact that there are now 
ships at sea fitted with British built propelling 
engines of 10,000 ih.p. in one unit, these 
engines being of the double-acting, four-stroke 
type, with six cylinders, and constituting the 
largest yet put into this service. On land 
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and abroad equally remarkable progress is 
being made, for recently a Diesel engine of 
15,000 b.h.p. was installed in a German power 
station, this engine having nine cylinders and 
working on the double-acting, two-stroke cycle, 
and forming the largest single unit yet built. 
Similar engines will also be available for marine 
purposes, so that within a comparatively short 
period the power requirements of even the 
greatest liners will be met. As a fitting con- 
clusion to this brief statement we give, in Fig. 44, 
an illustration of the above engine, and it may 
be of interest to mention that its cylinders are 
33°8 in. in diameter, with a stroke of 59in., 
whilst the overall height is nearly 39 ft. and the 
length 76 ft. 

Great constructional difficulties have had to 
be overcome in bringing the Diesel engine to its 
present stages of development and there are 
still, of course, many more ahead. But in view 
of the ever increasing knowledge that comes of 
scientific research and practical experience, 
resulting in improved and more suitable 
materials of construction and their better 
application, it is certain that these also wili in 
due course be surmounted, and that the Diesel 
engine will continue to extend its spheres of 
usefulness, of which perhaps the most important, 
and the one in which, by its high thermal effici- 
ency, the Diesel engine most distinguishes itself, 
is the conservation of the world’s supply of fuel. 
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By H. M. ANDREW, WuH.Ex. 


LESSON V 


SOME EXISTING APPLICATIONS 
OF CHAIN DRIVE 


Pedal Cycle Drive. The earliest important 
application of driving chain was its adoption 
by the pedal cycle. It seems strange that in 
an application such as this, where easy running 
and good efficiency so directly tend to the bene- 
fit of the user, the chain case is the exception 
rather than the rule, and lubrication is generally 
either sadly neglected or omitted altogether. 
Where both are in regular use the beneficial 
effect is at once realized in the long life and 
sweet running of the drive. 

The larger the chain wheels the better, 
although the diameter of these is usually 
restricted in practice by the back fork and the 
designer’s sense of proportion. 

Motor-cycle Drives. Engine speeds have 
increased so considerably of late, particularly 
in speed models, that the engine to countershaft 
drive tends to far exceed the desirable speed for 
the chain usually employed. In order not to 
reduce the number of teeth on the wheels it 
seems desirable to use the smallest possible 
pitch in preferably a duplex type, for this 
drive. Some makers use a gear drive from the 
engine to countershaft, although it is question- 
able whether any better mechanical efficiency 
is obtained thereby. 

The rear drive, at, say, half the speed of the 
front drive, is an eminently suitable case for 
chain drive, and the chain wheels should be the 
largest practicable consistent with clearing the 
back fork and giving sufficient ground clearance. 
The problem of enclosing and lubricating this 
chain is a difficult one, but an underguard at 
least is desirable, and some form of lubrication 
should be used regularly, even if it only consists 
of soaking the chain at intervals in a graphite 
grease. 

Rear Axle Drives on Motor Vehicles, Loco- 
motives, etc. In the majority of these drives 
the ratio of speed reduction employed and the 
necessity of providing adequate ground clear- 
ance'for the rear chain wheel has led to an 
unfortunate use of pinions with very few teeth. 
Coupled with frequent omission of chain cases 


and serious neglect of lubrication, the drive is 
usually far from ideal. Much, however, is now 
being done in some designs to improve matters. 

A lower speed ratio, where possible, giving a 
larger pinion, would improve matters consider- 
ably, and at least an underguard, to keep stones 
and dirt out of the chain, is essential, together 
with periodic, if not continuous, lubrication. 

Motor-car Front End Drives. Inverted tooth 
chain is largely employed for these drives, 
usually in the form of a three-wheel drive 
from the crankshaft to the camshaft and 
magneto or the camshaft and dynamo. The 
third wheel driving the magneto or dynamo 
is generally made adjustable. Sometimes a 
two-wheel adjustable drive to one auxiliary 
supplements the three-wheel drive. The early 
style of using non-adjustable two-wheel drives 
is now largely superseded by the three-wheel 
drive with adjustment, as this enables a fuller 
use of the chain to be obtained. 

The housing and lubrication of these drives 
is usually excellent. The life of drive obtained 
in practice is rarely the full 3 per cent of wear 
available in the chain bearings as, after about 
half this wear, the cyclic irregularity inevitably 
present in cam drives tends to cause noise in the 
drive and, owing to the high degree of quietness 
called for, it is often customary to renew the 
chain at that stage. 

Propeller Drives. Air propellers on hydro- 
gliders and similar craft usually employ bush 
roller chain at fairly high speed, as a light yet 
robust drive is required, and any noise in such 
drives is generally negligible in comparison with 
the hum of the propellers. A chain case is 
generally omitted on the ground that it would 
interfere with the air currents, and this prevents 
the use of adequate lubrication suitable to the 
high speed employed. 

For short runs, chains soaked in a good 
graphite lubricant may serve the purpose, but 
for longer runs the chain might be enclosed in 
stream lined tubes coupled to wheel boxes, with 
oil lubrication. 

Impulsive Drives. In driving air compressors, 
punching and shearing machines and some types 
of pumps and fans, there is often a fair degree 
of cyclic irregularity accompanied by shock load 
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or jar on the transmission. The fly-wheel 
usually employed with such machinery should 
be sufficiently heavy to prevent more than, say, 


2 per cent speed variation in the transmission, - 


and the driving chain should be kept closely 
adjusted, with a minimum of slack, to prevent 
snatching and flapping. 

Inverted tooth chain is often used in com- 
pressor drives to secure silent running, but the 
bush roller type is a preferable design from all 
other aspects for drives of this type. 

Lineshaft Drives from Motor on Slide Rails. 
As lineshafts are usually rather low speed it is 
all to the good in these cases to use chain wheels 
with the largest possible number of teeth that 
the required ratio of reduction will permit, 
without exceeding the desirable limit laid down 
in Lesson I. 

Protection and lubrication in such drives is 
usually excellent, and very satisfactory service 
is obtained in the majority of cases. 

Where one wheel is larger than the other in 
drives inclined to the horizontal, the larger wheel 
should preferably be on top, and it is better to 
have the upper chain line as the driving or 
tight side if choice is possible. 

Chain drive has been used with great advan- 
tage to replace the vertical shafts and bevel 
gear drives formerly employed in many textile 
mills, etc. Considerable saving in power loss is 
usually obtained in such cases. 

Many textile mills use inverted tooth chain 
driving from motors to main lineshafts, and 
bush roller chain from main shaft to counter- 
shafts. A very even drive is obtainable by 
driving chain that ensures uniformity of product. 

Paper Mill Drives and Calendering Processes. 
The manufacture of paper and certain fabrics 
often demands very smooth and even movement 
of drums, and the quality of the product is 
appreciably affected by speed variations or 
irregular slip. Chain drive is extensively used 
and appears to give excellent results. 

Bush roller chain can be threaded in and out 
of a series of calendering drums to drive them 
in a similar manner to a train of gears, pro- 
ducing frictional action between drums_ if 


ENGINEERING EDUCATOR 


required by variation in the number of chain 
wheel teeth. Chain has some advantage over 
gears in such a drive, as the chain retains its 
grip when the drums are separated a little by 
material passed between them, whereas gears 
would develop backlash. 

Loom Drives. Chain drive is now used 
extensively where looms are individually driven, 
both bush roller and inverted tooth types being 
employed for this purpose. A frictional slip 
clutch is often employed on one chain wheel to 
knock off the loom in case of mishap. The 
driving motor can be made adjustable by 
swinging it on a side pivot with its chain wheel 
hanging in the light of the driving chain. An 
outer pillar supporting the free side of the motor 
is made adjustable. 

Drives in Confined Spaces. There are a great 
many cases where fairly short drives are required 
for which a train of gears is inadmissible or too 
expensive to install, while the available space 
is too small for a satisfactory belt or rope drive. 
Such cases provide the natural field for chain 
drive. 

Drives in underground workings, in ships, and 
in confined workrooms, are typical cases. 
Driving chain offers a very suitable method of 
transmitting power in such cases and, with a 
little care in installation and a moderate 
amount of attention, very satisfactory results 
are obtainable. 

It may be desirable in concluding these 
articles to recapitulate the guiding principles in 
selection. 

1. Do not design for the smallest permissible 
chain pinion. Always think in terms of the 
largest number of teeth you can afford to install. 

2. Protect the chain adequately from dust 
and dirt and, if the speed is high, always use 
an oil bath chain case. 

3. Provide ample lubrication. An excess is 
not wasteful, as it can be collected, filtered, and 
used again. 

4. Always have the chain wheels cut with the 
correct cutter specified by the chain maker. 

5. Take care in the initial alignment of the 
drive and attend regularly to adjustment. 
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By W. ARNOLD GREEN, M.A., B.Sc., A.M.Inst.C.E., M.I.Struct.E. 


LESSON VIII 
ROOF TRUSSES 


THE simplest form of ridged roof truss con- 
sists of two inclined rafters connected at the 
apex and resting on two walls (Fig. 38(a) ). 
Each rafter may be regarded as an inclined beam 
with vertical reactions at each end. If the joint 


movement apart of the shoes will then be due 
to the combined bending of the rafters and 


‘stretch of the tie rod. 


For the rafter beam shown in Fig. 38(d), a 
trussed rafter may be substituted as shown in 
Fig. 38(e), which illustrates a cambered Fink 
truss and Fig. 38(f) a cambered Fan truss. 
The bottom ties are often made horizontal as 


(a) (b) (c) (a) (e) 
(f) (©) (h) 
Q) (k) (1) 
A SN aN VION 
(™7) (TM) (P) 
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at the apex is equivalent to a pin connection 
the vertical reaction at the apex must be 
resisted by axial thrusts in the rafters, which 
will bring outward thrusts as well as vertical 
loads on to the walls. 

To take the horizontal thrust, a tie bar can 
be inserted as indicated in Fig. 38(b), and the 
loads on the wall for vertical loading on the 
roof will be vertical, except that the tie bar 
will stretch slightly and the supports will tend 
to be pushed apart. 

If the apex joint can be made sufficiently stiff 
to resist the central bending moment, due to 
vertical loads and end reactions, the tie bar 
would be unnecessary (Fig. 38(c) ), and the only 
horizontal thrust on the walls from vertical 
loads would be due to the bending of the rafters 
and joint. The horizontal thrust can be 
avoided by fixing one end and placing the other 
end on rollers. 

Instead of the stiff joint indicated in Fig. 38(c), 
a tie bar could be inserted between the apex 
and the shoe as in Fig. 38(d). The horizontal 


in Fig. 38 (g and h) which show a compound 
Fink and Fan truss respectively. 

Another form of bracing is shown in Fig. 38(/), 
where the struts are at right angles to the 
rafter. 

The bottom tie of the truss shown in Fig. 38(b) 
may be cambered as shown in Fig. 38(), in 
which case a vertical tie bar must be connected 
to the apex. 

The rafter of this type of truss may be 
strutted as shown in Fig. 38(/), where all the 
ties are vertical. The bottom ties in these 
types too may be horizontal, but this results 
in longer struts though, of course, the loads on 
the main ties and rafters are less. 

Vertical sag rods are sometimes introduced 
as indicated by dotted lines, but these take no 
stress from external loads unless a load, such as 
a ceiling, is suspended from the bottom chord. 

Fig. 38(m) shows a Pratt truss. The first 
vertical is a sag rod, the second is a strut and 
the central vertical is a tie. 

The slope of the rafters may be different on 
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each side of the apex as in the case of a north 
light roof truss (Fig. 38(7) ), where the short side 
is glazed and faces the northern sky. 

Fig. 38/p) shows a mansard roof truss. 

For light trusses carrying corrugated sheeting, 
the rafter is often curved to a radius and some- 


times the curved corrugated sheeting itself forms 
the rafter. 

The axial stresses in the various members are 
usually found graphically by reciprocal stress 
diagrams dealt with elsewhere. 

For vertical loads, only half a symmetrical 
truss need be analysed. For a wind load taken 
as normal to the slope on one side, if the truss is 
fastened to walls or stanchions at each shoe, it 
is common to assume that the horizontal com- 
ponent of the wind load is divided equally 
between the two supports, in which case, if in 
Fig. 39 the full line 32 represents the total wind 
load in magnitude and direction, the reactions 
are represented by the lines Br and 1A. If 
the truss is on rollers at B, the reaction must be 
vertical (Bz), and the reaction at A is repre- 
sented by the line 2A. If the rollers are at 
A, the reactions are represented by 43 and 34. 

Fig. 40 shows the general arrangement of a 
steel roof framework. It is usual to make two 
adjacent trusses at the ends into a stable frame 
by cross bracing. The other trusses are strutted 
from this frame by the purlins. In a long roof 
there may be several of these braced frames. 

The bottom ties are usually connected by 
light members parallel to the ridge.. Where 
there is horizontal bracing in the plane of the 
ties as indicated by dotted diagonal lines in 
the figure, the ties must be of a section that will 
withstand compression. 
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It is often specified that all the members of 
of a truss must be able to act as struts. In the 
case of angles ties connected by rivets through 
one flange, as the load is applied eccentrically, 
it is usual to neglect half the area of the out- 
standing leg to compensate for stresses due to 
bending. 

When a very stiff roof is required, it is some- 
times necessary to put in bracing in a vertical 
plane, in which case the truss is made with 
vertical members as illustrated in Fig. 38(/) and 
(m), and a vertical bracing girder put in the 
plane of two or more of them. E 

By an experienced electric welder joints in a 
roof truss can be made with greater stiffness 
and with less metal than with riveted joints. 
As the sectional area of the members is not 
reduced by holing, a further economy results ; 
but the practice of electric welding of structures 
is not yet common. A few riveted joints, in 
a truss built of angles and plates, are illustrated 
in Fig. 41. 

The stiffness of the joints is neglected in 
determining the axial stresses in the members, 
which are considered as pin connected. 

When the truss deflects under load, the stiff- 
ness of the joints restrains the free movement 
there would be in pin connected structure and 
stresses are set up at the joints. An attempt is 
rarely made to estimate them, as the design 


Bottom Chord 


racing 


Top Chord 
Bracing 
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stresses are usually sufficiently low to allow for 
increases due to secondary stresses as they are 
called. “he 

These joint stresses are considerably increased 
if the lines of action of the connected members 


—o— —— 


STRUCTURAL STEELWORK 


do not meet in a point, and care should be taken 
to reduce such stresses to a minimum. ‘Truss 
shoes, for instance, are often made as illustrated 
in Fig. 42, but it is not difficult to ensure that 
the lines of rafter thrust and tie tension inter- 


Alternative Shoe 


Joint in Main Tie 
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sect above the centre line of the reaction, as 
shown in Fig. 41. 

The slope of the rafters depends on the nature 
of the covering used, as it is important that water 
will drain off without the risk of being blown 
back at the joints. Thus, the minimum rise 
of roof to the span is given in Hurst’s handbook 
as 1/10 for corrugated sheets, 1/5 for slates 
(Queen’s), 1/4 for ordinary slates, 1/3 for 
pantiles,fand 1/2 for plain tiles. 

For fixing wood sheeting for slates or tiles, 
wooden purlins are often employed. These are 
jointed over the trusses and secured by bolting 
to angle cleats riveted to the rafters. Fixing 
strips of wood may be bolted to the flange or 
web of joist or channel purlins, and the sheeting 
nailed to them instead. 

Sometimes cement tiles are laid direct on 
steel channel or angle purlins remaining in posi- 
tion by their own weight (see Fig. 43). 

To prevent lateral movement of the purlins, 
which are usually not stiff in the direction 
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parallel to the rafter, they may be tied ap to the 
ridge purlins by short round bars screwed at 
each end, passing through holes in the web 
and secured by nuts. 

A few typical purlin connections to rafters 
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are shown in Fig. 44, and to sheeting and glaz- 
ing in Fig. 45. It should be noted that the angle 
section is much stiffer for carrying vertical load 
if placed as in Fig. 43, though in that case sheet- 
ing has to be fixed by a special hook bolt, or a 
strap right round the angle. 

It is advisable if possible to arrange the pur- 
lins so that they come at the panel points and 


Fic. 43 


produce no bending in the truss rafter. When 
it is necessary to place the pnrlins between the 
panel points, the bending moment produces 
stresses which necessitate a larger rafter 
section. 

The effective length of the strut for bending 
in a plane at right angles to the truss is, however, 
jessened. 

If it were required to test the adequacy of a 
rafter consisting of two 5 in. x 3in. x =; in. 
angles $in. apart and roft. between panel 
points, carrying a normal load of -8 tons due 
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to vertical loads and -g tons due to wind, 
applied 2 ft. 6 in. from one panel point, and also 
an axial load of 9 tons due to vertical Joad and 
4 tons due to wind, and if B.E.S.A., No. 153, 
stressses were specified with a 25 per cent 
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increase for total load including wind, the 
calculations might be made as follows— 

For two 5in. X 3in. x #,in. angles }in. 
apart with short legs on top or horizontal (see 
Fig. 45) k, = 16, ky = 124, 4 = 22024, 
Ix = 2 X 6-14, n, = distance of centroid from 
top = 1:66. As in each case, the wind load is 


Corrugated Sheeting. 


Corrugated 
Sheeting. 
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more than 25 per cent of the vertical load, the 
rafter must be designed for the total compression 
of 13 tons, with a bending moment due to 
1-7 tons, 2 ft. 6 in. from end. 

The free bending moment is 1:7 x 24 x 74 
X 12 + 10 = 38:2 in. tons. As there is restraint 
at each end of the member in the plane of bend- 
ing it will be safe to take about two-thirds of 
this, say, 26 in. tons as effective. The total 
maximum compressive stress is thus 


13 ZO) 1-00 
Se ORY:| 2G: 


= 2-7 + 3°52 = 6:22 tons per sq. In. 
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The allowable stress is either for l/k, = 2 
= 75 for ends fixed or I/ky =—2~ = 72:5 f 
= 75 for ends fixed or J/ 4594 = 773 or 


pin ends. The latter gives the lower value 

by 8 = 04 X 72:5 = 5 tons per sq. im: 
Ay; 
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This increased by 25 per cent gives an 
allowable compressive stress of 6:37 tons per 
sq. in. ; 

As the minimum gyration radius of one angle 
is -72, each angle must be restrained at intervals 
of -77 x 724 = 52 in., so that a rivet through 
a 4in. washer at the centre of the rafter would 
be necessary. : 

If the purlin had been over a panel point a 
section consisting of two 3} in. x 2$in. X qin. 
angles would have been ample. A smaller 
section having a gyration radius less than 1 in. 
would not be permissible, as J/k would then be 
greater than 120. 
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, Mmagnetomotive force, 1341 
Coke, blast furnace, 1381 
oven gas, 800, 1421 
Cold storage, 1528 
Collins’ micro-indicator, 1100 
Columns and struts, steel, 
1441 . 
Combustion of coal, 70, 120 
temperatures, Diesel, 216 
Commercial testing of materials, 
204 
Compactum ejector, 705 
Compasses and calipers, 672 
Complete specification, patent, 583 
Complementary angles, 782 
Composition of air, 215 
of fuel oil, 215 
Compound angles, function of, 931, 
977 f 
steam-engines, 205 
-wound D.C. generator, 1073 
—— Motor, 1077, 
Compressed air starters, gas engines, 
803 
Compression, adiabatic, 163 
pressure, Diesel, 249 
tests, 386 
Condensers, classification, 21 
, continuous service, 118 
, efficiency of, 173 
, ejector, 416 
, evaporative, 419 
and evaporators, 
tion, I129 
, jet, 274 
, regenerative, 119 
, surface, 21 
, types of, 117 
, tubes, cleaning of, 119 
Condensing surface, 172 
Conductance, magnetic, 1341 
Cone clutches, 1239, 1279 
, volume of, 1258 
of frustum, 1258 
Conjugate tooth profiles, 88 
Constant volume cycle, 211 
Consumption of steam, reciprocat- 
ing steam-engines, 849 
of steam, Unaflow engines, 972 


re- 


1398, 


refrigera- 


Continuous beams, 496 

service condensers, 118 

Contraction, coefficient of, 1360 

, Suppressed, 1362 

Converter, Bessemer, 1108 

, Robert, 1106 

, Tropenas, 1206 

Coolidge, X-ray tube, 522 

Cooling towers and spray ponds, 
1142 

Copper, use of in welding, 1427 

Core, moulding, 910 

-box construction, 1295 

prints, pattern-making, 750 

Corliss valves, 366 

Cornish boiler, 168 

Cosecant, 783 

Cosine and sine, 734, 781, 836 

differentiation, 1305 

integration, 1405 

Cotangent, 783 

Cotters and gibs, 425 

Coulomb, definition, 37 

Cowper, stove (blast furnace), 474 

Crane work, fitting and erecting, 
810, 899 : 

Cranks, the turning of, 284 

Critical pressure, 1215 


/} —— temperature, 450 


velocity, hydraulics, 1435 

Crompton, Samuel, 670 

Cross multiplication, 59 

Crossley bituminous fuel gas pro- 
ducer, 1514 

Crucible process, steel, roor 

Crushers, ice, 1275 

Cup and cone ball bearings, 81 

Cupola, the, 675 : 


| Cupping tests, 388 


Current, electric, effects of, 519 

; , polarity in welding,1424 

,tegulation in welding, 

1425 

Currents, eddy, in iron circuits, 1346 

Curve, area under, 1229, 1261 

Cutters, milling, 523, 1057 

Cutting speeds, 375 

Cycle, Beau de Rochas, 122 

, Carnot, 16, 164 

——,, Diesel, 68, 115 

——, Lenoir, 122 

——,, Otto, 122 

——,, Rankine-Clausius, 770 

, two-stroke, 123 

Cycles, heat engine, 16 . P 

Cyclic magnetization, losses due to, 
1346 

Cylinders, intersection of, 396 

Cylindrical gauges, 766 


De laval steam turbine, 744 
Dedendum, 86, 233, 740 
Deflection of beams, 404, 595 
Density, 1309 

Depth gauges, 674 

Determination of laws 

Diagram, bending moment and 
shear force, 301, 348, 403 
entropy, 509 - 


Diagram, indicator, 65 
, two-stroke Diesel, 331 
——, Mollier, 886, 1088 
, stress-strain, 71, 294 
, velocity and acceleration, 1137 
Diametral pitch, 86 
Diaphragm optical indicator, 1099 
Diesel combination temperatures, 
216 
compression pressure, 249 
cycle, 68, 115,-214, 215, 249 
——., Doctor, 1351 
engine, 13 
, essential parts, 470 
—— —1_ mechanical details, 610; 
857, 1017 
, operation and mainten- 
ance, 1321 , 
, solid injection gear, 1120 
, two-stroke, 330 
, mechanical details, 
ro18 
Differentiation, 1065, 1167 
of exponentials, 1492 
of function of function, 1406 
of logarithms, 1492 
of products, 1407 
of quotients, 1407 
of sine and cosine, 1305 
Downcomers, blast furnace, 338 
Dowson gas plant, 1518 
Draught, steam boilers, 1523 
Drawing paper sizes, 12 
Drawings for patents, rules for, 428 
Drilling jigs, 35, 371 
machines, 480 
, cluster, 517 
— Beary Sang, 514 
—— ——,, multiple spindle, 482, 514 
, radial, 518 
Drills, 606 
Drivers and carriers, lathe, 281 
Drop valves, 366, 457 
- Drunken saw, 80 
Dry sand moulding, 135, 621 
-cleaning plants, blast furnace, 
339 
Dryness fraction, 311 
Ductility, 125 
Duplex milling machine, 1151 
Dust-catcher, blast furnace, 338 
Dynamic loads, 1348 
Dynamo, the, 937 
Dynamometers, 1223 


EconomizeErs, for steam boilers, 650 
Eddy currents in iron circuits,.1346 
Edwards air pump, 560 
Efficiency, condenser, 173 
, Diesel cycle, 214 
, electric generator, D.C., 1074 
, motor, 1078 
——, mechanical, 171, 1134 
; , steam turbine, 615, 711 
——, thermal, 849, 1448 
——, thermodynamic, 850 
, vacuum, condensers, 137 
, voltmetric, of fans, 558 
——, worm gearing, 575 


"INDEX 


Ejector condenser, 419 

Elastic limit, 71, 125 

Elasticity, measurements of, 525 

, modulus, 9 

, shear, 263 

Electric circuit, 37 

current, alternating, 1183 

, effects of, 519 

ignition, gas engines, 1005 

motors, efficiency of, 1078 

welding, 1133 

Electrical indicator, R.A.E., 1100 

resistance thermometers, 854 

Electro-dynamics, 669 

-magnetic induction, 844 

-magnetism, 667 

Electrode movement in welding, 
1425 , 

Electrolosis, Faraday’s Laws of, 520 

Electrolytes, 519 

Elements, positive and negative, 
cell, 430 

Elinvar alloy steel, 688 

Energy, air stream, fans, 556 

equation, 7 

, internal, of a gas, 113 

, and power. I0I, 1050 

Engine testing, internal combustion, 
1495 

Engines, erection of, 1061, 1188, 
1270 ; 

Entablature, blast furnace, 151 

Entropy, 357, 449, 79° 

diagrams, 599, 886, 1088 

Equalizers, blast furnace, 479 

Equations of motion, 878 

, quadratic, 546 

, simple, 302, 353 

Equivalent evaporation, 356 

Erection of engines, 1061, 
1270 

Erith Roe stoker, 1097 

Euler’s theory of long columns, 689 

Evaporation, equivalent, 356 

, factor of, 357 

Evaporative condenser, 419 

Evaporators and condensers, re- 
frigeration, 1129 

Ewing’s extensometer, 526 

Exhaust connections, gas engine, 

801 

steam-engines, 1196, 1318 

Expansion, adiabatic, 163 

, isothermal, 113 

valves, 363 

Explosion starters, gas engine, 801 

Exponentials and logarithms, 1489 

Extensometers, 525 

External work, 7 

Extractors, air, steam jet, 704 

Eye protection in welding, 1424 


| 


Face plates, 320 

Facings of moulds, 28 

Factor of evaporation, 357 

of safety, 933 

Factors, 261, 351 

Failures under repeated stresses, 


1404 


rr88, | 


| Froude 


1547 


Fans, ceiling, 186 
, efficiency of, 557 
, low pressure, 188 


| ——, pressure, 1199 


or volume, 188, 


, propeller, 
279, 718, 960 

Faraday’s laws of electrolysis, 520 

Farnboro electric indicator, 1100 

Fatigue, 1149 

in chain drive, 1440 

, hmit, 1401 

range, table, 1402 

, rapid methods of determining, 

1403 

, testing, 818 

Feather keys, 329 

Feed systems and deaerators, boil- 
ers, I0T3 

Feed-water heater, locomotive, 1171 

Field, magnetic, 665, 667 


Filing, 230 
Firebrick stove, 473 
Fits, driving, force, push and 


running, 765 
Fitting and erecting, definitions, 
31 
Fixture, definition, 34 
grinding, 942 
, milling, 35, 96, 523 
, turning, 96, 763 
Flashing of arc in welding, 1427 
Fleming’s right-hand rule, 845 
Flow, convergent, .955 
, divergent, 955 
water over notches, 1434 
through pipes, 1435 
Fluctuation of speed, coefficient of, 
269 

Fluids, mechanics of, 1309, 1359 
, motion of, 1311 
Fluxes, blast furnace, 1384 
Fly-wheels, steam-engine, 268 
Foot valve, pump, 504 
Force, 9, 880 
, centrifugal, 984, 1348 
, inertia, in engines, 1410 
——, magnetic lines of, 665 
——, magnetomotive, of a coil,134f 
——, polygon, 735 
——,, triangle, 735 
, viscous, law of, 1309 
Forks, belt shifting, 1282 
Foster economizer, 654 
superheater, 796 
Fractional indices, 260 
Fractions, algebraical, 352 
Fractures, pig, 1445 
Framing, locomotive, 1385 
Friction, belt, 1237 
, coefficient of, 74, 725, 1235 


_—— drives, 1238 


——, head, 89 
, laws of, 1235 
——, pipe, 89 
hydraulic 


dynamometer, 
1227 

Frustum, cone, volume of, 1258 

Fuel, 43 

oil, composition of, 215 


1548 


Fuel pump maintenance, Diesel, 
1422 

Fuels, blast furnace, 1381 

, calorific value of, 1450 

, gaseous, 799 

Fuller slide rule, 534 

Funicular polygon, 736, 830 
Furnace, blast, 38, 241, 337 
burdening, blast furnace, 1444 

, open hearth, 1211 

, reverberating, 675 


Gane drilling machines, 514 
Gas and air regulation, gas engine, 
220, 1124 
, blast furnace, 800, 1420 
calorimeters, 1451 
, characteristic equation, 64 
cleaning, blast furnace, 338 
, coke oven, 800, 1421 
engine blowers, blast furnace, 
778 
—— ICV Cle aT SO. usOn 
—— governing, 803 
—— ignition, 1004 
—— lubrication, 1266 
—— performance, 1265 
—— Starting, Sor 
—— valve settings, 1266 
engines, horizontal, 465 
——, two-stroke, 589 
——,, vertical, 585 
plants, producer, 1514 
, types of, 1421 
, producer, 799 
Gaseous fuels, 799 
Gases, power, gas engines, 1419 
Gauge errors, 891 ; 
, pressure, 309 
testers, 891 
Gauges, 34 
and jigs, combined, 288 
, angle, 1251 
——, depth, 674 
= Ke. Os 
——.,, Johansson, 948 
, leaf, 1252 
, pressure, 891 
———, SuLIace, (674. 
——.,, water, 889 
, vacuum, 889 
Gear grinding, 943 
ratio, 87 
teeth, generation of, 130, 434, 
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Gearboxes, automobile, 1280 

Gearing, bevel, 47, 700 

, helical, 322 

——, Spiral, 434 

, Spur, 86 

, Worm, 573 

Gears, valve, steam-engine, 362 

é , two-stroke Diesel, ro21 

Generation of gear teeth, 130, 434, 
7OI 

Generators, electrical, D.C., 1073 

Geometry, 549 

Geber formula, 159 

Gibs and cotters, 425 


INDEX 


Girders, plate, 1147 

Gooch link motion, 1289 

Governors, gas engine, 803 

, Diesel engine, 853 

, steam-engine, 268 

Gradient, hydraulic, 1437 

Graphs, 398, 452 

Grate, chain, Babcock & Wilcox, 
IOII 

Gravity, centre of, 1260 

Green sand moulding, 135, 368 

Green’s economizer, 650 

Grinding fixtures, 942 

machines, 98, 945 


Hatcu testing machines, 1358 
Hammering of welds, 1427 
Hardness, 125 
and impact tests, 721 
Harmonic motion, simple, 985 
Haulage resistance, locomotive, 862 
Head, 89 
lost at abrupt -change of 
section, 1436 
Headstocks, 1377 
, all-geared, 137 
, spindles, 178 
Heat engine cycles, 16 
—— latent 
of formation, 1449 
, sensible, 7, 309 
, Specific, 6 
—., , aS, 113 
, unit of, 6 
waste, for steam raising, 1455 
Heaters, air, steam boilers, 11 57 
, feed water, locomotive, 1171 
Heating effect of electric current, 
519 

Helical gearing, 45, 322 
spring, close-coiled, 264 
Hematite, 1104 
Hick-Breguet ejectair, 704 

High tension ignition, 1006 


HINGED valve, pumps, 379 

Hit and miss governors, 803 

Hob, 131 

Hole grinding, 944 

Honeycomb radiator, automobile, 
1195 

Hooke, Robert, 195 

Hooke’s law, 9 

Hopkinson optical indicator, 1099 

Horizontal gas engines, 465 

Horse-power, brake, 171 

, measurement of, 1223 

formulae, belt drive, 725 

, indicated, 170 

Howden Ljungstrém air heater 
I160 

Halls, Jonathan, 530 

Huntsman, Benjamin, 869 

Hydraulic dynamometers, 1227 

gradient, 1437 

Hyperboloid, 47 

Hyperboloidal gears, 47 

Hysteresis, magnetic, 1 344 

, repeated stresses, 1355 


2 


Ice, manufacture of, 1274 

Ignition, automobile, 1192 

, gas engine, 1004 

Impact and hardness tests, 721 

Impulse steam turbines, 615, 82 5 

Index, unknown, 354 

Indicated horse-power, 170 

Indicator diagram, 65 

Indicators, 1022, 1099 

Indices, fractional, 260 

, negative, 157 

, Tules, 62 

Induction, electro-magnetic, 844 

pipes, automobile, 1084 

, self, 846 

Industrial engineering, historical, 
951 

Inertia force, engines, 1410 

moments of, 207, 446, 496, 
1258 

Ingot iron, 685 

moulds, steel, 1468 

Initial belt tension, 162 

Injectors, locomotive feed water, 
TI7L - 

Inside lap, 363 

Integrals, definite, 1220, 1257 

involving logarithms, 1493 


Integration of sines and cosines, 


1405 ; 
Interchangeability, 34 
Interference, assembly, worm gear- 

bts, GY 
Internal combustion engine, his- 
torical, 564 
testing, 1495 
energy of a gas, 113 
— of steam, 310 
work, 7 ; 

Intersection of surfaces, 397 

Invar alloy steel, 688 

Inverse rate of change, 1168 

Involute, 88, 740 

gears, 88, 740 

Iron, cast, 619, 675 

, Magnetization of, 1341 
ores, 1044 

——-~pipe stoves, blast furnace, 473 

, wrought, 815 

Isothermal expansion, 113 

Izod testing machine, 724 


JAR-RAMMING machines, moulding, 
1483 

Jet condenser, 274 

Jig, definition, 34 

, drilling, 35, 371 

Jigs and gauges, combined, 288 

Johansson blocks, 948 

Jointing of timber, 175 

Joints, brazed, 1036 

for electric welding, 1298 

——., grooved, 1035 

, Tiveted, 1034 

, soldered, 1035 

Joule, James Prescott, 927 

Joule’s equivalent, 6 © 

Journal bearings, ball, 82, 224 

, roller, 576 


’ 
- 
} 
® 


Journal friction, 1236 
Joy’s radial valve gear, 365, 1289 


Kevin, Lord, 1103 

Keys, 328 

Kinematic chain, 1136 
Kinetic energy, 1051 
rotary air pump, 707 
KG6rting gas engine, 589 


LaDLE, steel casting, 1469 
Lamb’s lateral strain meter, 528 
Lancashire boiler, 169, 270 
drive, planing machines, 755 
hearth, wrought iron, 815 
Lap, inside and outside, 363 
Lapping, 1215 
Latent heat, 7 ! 
Lateral strain meters, 527 
Lathe headstocks, 137 
tools, 373 
Lathes, 137, 178, 221, 228 
, turret, 1374 
Launhardt-Weyrauch, formula, 160 
Law, Boyle’s, 63 
——, Charles’, 64 
, electro-magnetic induction, 
845 
——,, Lenz’s, 848 
——, Ohm’s, ror 
, viscous force, 1309 
Laws, determination of, 500 , 
, of friction, 1235 
—— of motion, Newton, 879 
, Straight line, 455 
Leaf gauges, 1252 
Leathers, pump, 378 
Lenoir cycle, 122 
Lentz valve gear, 1289 
Lenz’s law, 848 
Lever testing machines, 189 
Lift valve, 379 
Limit, elastic, 71, 125 
, fatigue, 1401 
of proportionality, 71, 125, 


294 
Limits, machining, meaning of, 765 
——,, Newall system, 767 
Limonite, 1104 
Lincoln milling machine, 1060 
Linear acceleration, 877 
velocity, 877 
Lines of force, magnetic, 665 

of pressure, involute gears, 
740 

——., parallel, 549 

Lining-off, 83, 143 

Link motions, 364, 1288 

— or funicular polygon, 736 
Lintel, 151 

Ljungstrém turbine, 1430 
Load extension diagram, 294 
Loads, dynamic, 1348 

Loam moulding, 135, 1176 
Locomotive boilers, 272 
engine, 1285 

erection, 1270 

—— framing, 1384 


INDEX 


Locomotive lubrication, 1324 

resistance to hauling, 862 

Lodge ignition, 1007 

Logarithms, 107, 1489 

Loss of head due to abrupt change 
of section, 1436 

Losses, boiler plant, 648 

and efficiency of D.C. genera- 

tor, 1074 4 

Low tension ignition, 1005 

Lubricant, function of, 345 

Lubrication, ball bearings, 226 

, gas engines, 1266 

, locomotive, 1324 

—.,, petrol engines, 1084. 


Macuine, definition of, 1134 

shop arrangements, 92 

tools, historical, 1074 

Magnet steel, permanent, 1346 

circuit, reluctance, 1341 

conductance, 1341 

Magnetism, 665 

Magnetite, 1104 

Magnetization, cyclic, losses due to, 
1346 

of iron, 1341 

Magneto ignition, gas engine, 1005 

Magnetomotive force of a coil, 
1341 

Maintenance, Diesel engine, 1422 

Malleable cast iron, 772 

Mandrel work, lathes, 282 

Manganese, control of, blast furnace 
1444 

steel, 634 

Manometric head, 90 

Martens extensometer, 526 

Masses, revolving, balancing, 1348 

Maxima and minima, 1114 

Mean effective pressure, 66 

piston speed of pumps, 128 

Measuring machines, 1155 

Mechanical advantage, 1134 

efficiency, 171 

starters, gas engine, 802 

stokers, 1009, 1095 

Mechanics of fluids, 1309, 1359 

Mechanism, elements of, 877, 984, 
1049, 1134 

Mercury thermometers, 853 

Metal cutting, with electric arc, 
1302 

Meters, lateral strain, 527 

Micrometer calipers, 950 

Milling cutters and fixtures, 523, 
1057 

gear teeth, 130 

machines, 1057, 1150, 1180 

Mills, turning and boring, 570 

Module, 86 

Modulus of elasticity, 9 

, measurement of, 527 © 

of rigidity, 263, 529 

of rupture, 386 

Molecular theory, 7 

Mollier diagram, 886, ro88 

Moments of inertia, 207, 446, 496, 
1258 


1549 


Mond gas plant, 1520 

Motion, circular, 877, 1049 

, equations of, 878 

, linear, 877 

——, Newton’s laws of, 879 

, rolling, 51 

, Simple harmonic, 985 

, stream line, 1311 

Motor-car engine construction, 906, 
965, 991, 1042 

Motor, D.C., 1075 

Moulding, bedding-in process, 622 

, dry sand, 135, 621 

, green sand, 135, 368 

, loam, 1176 

machines, 1479 

—— materials, 27 

sands and loam, 135 

, turnover method, 622 

Moulds, chilled castings, 28 

——, closed, 368 

, open, 368 

——, permanent, 28 

——, preparation of, 369 

, Steel ingot, 1468 

Movement of electrode in welding, 
1300, 1425 

Multiple spindle automatic ma- 
chines, 1531 

drilling machines, 514 

Murdock, William, 774 

Muspratt, James, 1248 


NATIONAL anthracite gas plant, 
1514 

Natural gas, 1421 

Negative indices, 157 

Newall measuring machine, 1155 

system of limits, 767 

Newcomen, Thomas, 342 

Newton’s laws of motion, 879 

Non-magnetic materials, 667 

Notched bar testing, 723 

Nozzles, flow of steam through, 
1089, 1216 


OECHELHAUSER gas engine, 589 
Ohm, definition, 37 

Ohm ’s law, Ior 

Oil burners, pressure system, 1454 
, steam operated, 1454 
engine erection, 1272 

fuel, composition of, 215 
Open blade fan, 279 

sand moulds, 368 

Optical indicators, 1099 

Ores, iron, 1104 

, treatment of, 1254 

Orifice, drowned, 1362 

, flow of water through, 1360 
Oscillations, torsional, 986 

Otto cycle, 122 

, Nicholas, 1268 

Outside lap, 363 

Oxy-acetylene welding, 1132 
—— -benz welding, 1132 
-coal-gas welding, 1132 
—— -hydrogen welding, 1132 
—— -water-gas welding, 1133 


1550 


ParRING, lower and higher, mechan- 
ism, 1136 

Paper, drawing, sizes of, 12 

Papin, Denis, 247 

Parallel lines, 549 

Parallelogram, area of, 592 


Parsons, Sir Charles A., 1207 
turbine, I161 

Partial pressure, 172 

Patent, application for, 236 


office rules for drawings, 428 

Patents of addition, 867 

Pattern-making machines, 80 - 

shop equipment, 79 

—— -plates, 996, 1480 

Performance, coefficient of, 
frigeration, 894 

Performance curves, chain, 1439 

Period, simple harmonic motion, 
986 

Permanent moulds, 28 

Permeability, magnetic, 1341 

Perry air heater, 1160 

Personal protection in welding, 1424 

Petrol engines, 906, 965, 991, 


re- 


nace, 1444 

Pig fractures, 1445 

Pillar and knee milling machine, 

1152 

Pillars, steel, 1398 

Pinion and rack, 45, 741 

Pipe friction, 89, 1435 

Pipes, flow of water through, 1435 

Pistons, Diesel engine, 857 

; , attention to, 1323 

~ > PUMP: 377 

Piston valves, 364 

Pitch, circular, 86 

—— cones and back cones in bevel 
gearing, 702 

——.,, diametral, 86 

—— surfaces, 44 

Plain milling machine, 1153 

Plane, inclined, 1235 

Planimeter, 1026, 1118 

Planing machines, 692, 753 

Plano-milling machine, 1180 

Plate clutches, 1238, 1278 

Plates, face, 320 

Plungers, pump, 376 

Poisson’s ratio, 527 

Polar moment of inertia, 207 

Polarity of current in welding, 1424 

Poles, cell, positive and negative, 430 

Polygon, force, 735 

, funicular, 736, 830 

Polygonal effect, chain drive, 1439 

Polygons, angles of, 591 

Ponds, spray, 1146 

Potential energy, 1050 

head, 89 

Poundal, 880 

Power and energy, 101, 

—— gas plants, 1514 

—— gases for gas engines, 1419 

——, measurement of B.H.P., 1223 

——— production, historical, 238, 
297, 393 


1050 


1042 | 
Phosphorus, control of, blast fur- | 
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Power transmission, 678 
Powers and roots, 202, 259 
Pre-ignition, gas engines, 307 
Preparation of moulds, 369 
Pressure, absolute and gauge, 309 
angle, gears, 233, 740 
bearing, chain drive, 1438 
centre of, 1310 
compounded impulse turbine, 
617 

critical, 1215 
fans, I199 

fluid, 1304 
gas plants, 1518 
, mean effective, 66 
, measurement of, 888 

on chain wheel teeth, 1438 
, partial, 172 
, vapour, 63 
Primary balancing of eae I41I 
cells, 430 
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| Prints, core, pattern making, 750 


Producer fuels, gas engines, 1421 

gas, 1420 

plants, 1514 

Production of raw materials, 
torical, 140 

A isolie eae 

Profile, tooth, 87 

Projection, 77 

Propellor fans, 188, 279, 718 

Properties of steam, 309 

Proportional limits, 71, 125 

Protractors, bevel, 1250 

Provisional specification, 343 

Puddling process, wrought iron, 816 

Pulley, Guide, for belt drive, 1284 

Pulleys, fast and loose, 1283 

Pulverizers, coal, 1293 

Pump, air, for condensers, 559, 704 

, centrifugal, 713 


his- 


, 961 ; 


| —, , complete system, 1484 
| —_—-, —., theory of, 


954, 1331, 


1393 
, useful output of, 1396 
—., , volute, 715 : 
——,, differential, 26 


| ——, double-acting, 26 


, feed water, locomotive, 1171 
, LOLCe, 2 

, fuel, Diesel, 858 

‘ x , maintenance, 1422 
——, horse-power, 91 

——,, lift, 2 

, reciprocating, 25, 376 

; , accessories and fittings, 


504 
——, ——.,, design of, 227 
——,-——.,, general arrangement, 
504 


——, ——, suction pipe, 507 

Pyrometers, radiation and optical, 
856 

——., thermo-electric, 855 

Pythagoras, theorem of, 593 


QuaApDRATIC equations, 546 
Quadric cycle chain, 1136 
, inversion of, 1137 


Quadruple expansion engines, 265. 

Qualitative governing, gas engines, 
804 

Quantitative governing, 
gines, 804 

Quick return motion, Whitworth, 
839 


gas en- 


Rack and pinion, 45, 741 

Radial drilling machines, 518 

gears, valve, 364 

Radian, 639, 979 

Radiators, automobile, 1195 

Radio valve, 522 

Radojet air pump, 705 

Ramming machines, moulding, 1482 

Rankine-Gordon formula, struts, 

690 

—— -Clausius cycle, 790, 884 

Rate of change, 1039 

, inverse, 1168 

Rateau screw fan, 961 

Raw materials, production of, his- 
torical, 140 

Reaction steam turbine construc- 
tion, 1161 

Reamer, 607 

Reaumur malleable cast iron, 772 


_Reciprocating pump design, 227 


pumps, 25, 376 
Reference drawing, 3 59 
Refrigerants, 895 


| Refrigerating machines, 1027, 1128 


Refrigeration, unit of, 895 

Refuse burning under steam boilers, 
1456 

Regenerative condensers, 119 

Regulation of current in welding, 
1425 

Reheat factor, steam turbines, 1502 

Reluctance of magnetic circuit, 1341 

Repeated and reversed stresses, 

158, 1353 

stresses, failures under, 1404 

, results of tests, 1401 

Resilience, 106, 158 

Resistance, haulage, 

862 

——.,, high, alloys, 289 

laws, electrical, 192, 290 v 

, road, 1280 

Retort stoker, Riley, 1096 

Reverberatory furnace, 675 

Reversible cycle, 212 

fan, 280 

Revolution, solids of, 1257 

Revolving masses, balancing, 1348, 
1390 

Reynolds’ lubrication, 346 

Rheostats, 291 

Rigidity, modulus of, 263 

Riley retort stoker, 1096 

Road resistance, 1280 

Robert converter, 1206 

Rocker joint chains, 1440 

Rockwell hardness testing machine, 


locomotives, 


723 
Roller journal bearings, 576 
Rolling motion, 51 


Réntgen X-rays, 522 

Roof trusses, 1541 

, stresses in, 829 

Roots and powers, 202, 259. 

Rotary air pumps, 561 

planers, 1182 : 

Rotors, impulse steam turbines, 
1094 

Rubber belting, 42 


SaFeEty, factor of, 933 

Sand moulding, dry, 135 

, Green, 135, 368 

Savery Thomas,, 293 

Saw, drunken, 80 

Scale of drawings, 110 

Scavenging, gas engines, 308 

, two-stroke Diesel, 331 

Scotch marine boiler, 272 

Scraping, 232 

Screw, archimedian, 54 

Screw fastenings, 426 

Screwing machines, 1474 

Secant, 783 

Second law of thermodynamics, 212 

_ Sections, machine drawing, 253, 313 
. Self-induction, 846 

Sensible heat, 7, 309 

Series-wound D.C. generator, 1073 

motor, 1077 

Shaft, blast furnace, 151 

Shafting, erection of, 550 

Shafts, circular, stresses in, 207, 263 

Shaping and slotting machines, 838 

Shear elastic modulus, 263 

force diagram, 301, 348, 403 

stress and strain, 205 

Shell boilers, 270 

drills, 607 

Shunt-wound D.C. generator, 1073 

motor, 1076 


Siderite, 1104 

Siemens regenerative open hearth 
furnace, 1210 

Signs, rule of, for multiplication, 260 

Silicon, control of, blast furnace, 
1444 

steel, 635 

Similarity, principle of, 1434 

Simple harmonic motion, 985 

Sine and cosine, 734, 781, 834 

, differentiation, 

1305 

, integration, 1405 

bar, 1214, 1251 

Single expansion steam-engines, 265 

Skin protection in welding, 1424 

Slag notch, 150 

Slags, blast furnace, 1445 

Sleeve valve, 1043 

Slide rule, the, 422, 531 

valves, 362 

Slider crank chain, 1137 

Slip, air, in fans, 384 

Slope and deflection of beams, 404 

Slotting and shaping machines, 838 

Slow-speed stcam-engines, con- 

_ struction of, 459 

Smith carburettor, 1083 


INDEX 


Snap gauges, 766 

Solenoid, magnetizing effect of, 1342 
Solid injection, Diesel engines, 471 
Solids of revolution, 1257 

Solution of triangles, 873, 929, 977 
Spearman gas valve, 475 

Specific heat, 6 

of a gas, 113 

resistance, 193 

Specification, complete, 583 

, provisional, 343 

Speed fluctuation, coefficient of, 269 
Speeds) cutting, 375 

Sphere, volume of, 1258 

, of a portion, 1258 
Spindle, impulse steam turbine, 1094 
, multiple, drilling machines, 


ot4 
Spindles, headstock, 178 
Spiral gears, 46, 434, 703 
Spray ponds, 1146 
Spring, helical, close-coiled, 264 
Sprinkler stokers, 1098 
Spur gearing, 86 
Stancheons, steel, 1398 
Starting gas engines, 801 
State, change of, 7 
Steadies for lathe work, 282 
Steam, adiabatic expansion of, 60r 
consumption, measurement of, 
1447 
engines, back pressure en- 
gines, 1196 
—— ——, basic principles, 19 
—— ——, component parts, 19 
; extraction engines, 1318 
, slow speed, construction 
of, 459 
, unaflow engines, 969 
jet air extractors, 704 
——,, properties of, 309 
, superheated, 311 
——.,, throttling calorimeter, 355 
turbines, basic principles of 
design, 1500 
—— ——-, de Laval, 744 
, fundamental principles, 
555 
, impulse, constructional 
details, 1053, 1092 
—- -—, -reaction, 710 
—— , Simple, 615 
—— ——, Ljungstrém, 1430 
—— ——,, Parson’s, 1131 
—— ——,, Pure reaction, 710 
, reaction, construction of, 
II61 
—_ — , , radial flow, 1315 
—— ——, types, classification, 615, 
655 
—— ——, pressure compounded, 
617, 825 
—— ——, —— -velocity com- 
pounded, 655 
Steel, basic open hearth, 1465 
belts, 42 
——., Bessemer, 1106 
casting ladle, 1469 
, cementation process, 865 


1551 


Steel, crucible process, 1001 
, high speed, 688 
tenacity, 681 
ingot moulds, 1464 
——, Manganese, 634 
——., non-corroding, 682 
, open hearth, acid, 1337 
-——, process, 1209 
——, permanent magnet, 1346 
——, silicon, 635 
, Structural, 822, 
1147, 1241, 1398 
——, Talbot process of manufac- 
ture, 1407 
Stephenson’s link motion, 364, 1288 
Stirling boiler, 489 
Stokers, mechanical, 1009,-1095 
Storage, cold, 1528 
Stoves, hot blast, 473 
Strain, 9, 125 
, lateral, meters, 527 
Strength, ultimate, 294 
Stress, 9, 125 
-strain, diagram 71, 294 
Stresses, repeated and reversed, 
159, 1353 
; failures under, 1404 
; results of tests, 1401 
Stretch of belting, 333 
Strip-bladed fan, 280 
Structural steel, 822, 
I147, 1241, 1398 
| Struts, 689, 1389, 1441 
Stub teeth, 233 
Studs and bolts, 427 
Stuffing boxes, pump, 378 
Suction gas plants, 1514 
Suddenly applied load, 158 
Superheated steam, 311 
Superheaters, 793 
Surface condensers, 21 
, condensing, 172 
gauges, 674 
—— grinding machines, 
945 
plate, 231 
Surfaces, intersection of, 397 


914, 988, 


914, 988, 


rotary, 


TANGENT, the, 637 

of an angle, 731, 837 

Taper turning, 284 

Tapered keys, 328 

Tapers, 284 

Teeth, chain wheel, pressure on, 
1438 

Temperature, absolute, 64 

, critical, 450 

——, measurement of, 853 

rise in electrical machinery, 


289 
Temperatures of combustion, Diesel, 
216 
Tender, the, locomotives, 1417 
Tensile tests, commercial, 294 
Tension, initial, of belts, 161 
ratio, belt, 77, 133 
| Testing, fatigue, 818 
, internal combustion engines, 


1495 


1552 


Testing machine, cement, 629 

machines, lever, 189 

for repeated stress, 1357 

, hardness, 722 

Tests, bending, 386 

———, boiler, 1326 

, commercial, tensile, 294 

——, compression, 386 

——, cupping, 388 

——, torsion, 388 

Theory, molecular, 7 

Thermodynamic efficiency, 850 

Thermodynamics first law, 6 

second law, 212 

Thermo-couple, 432 

-electric pyrometers, 855 

Thermometers, electrical resistance, 
854 

, mercury, 853 

Thompson. boiler, 491 

Thread grinding, 943 

Three moment theorem, 496 

-pass stoves, blast furnace, 474 

-phase, A.C., 1187 

Throttling steam calorimeter, 355 

Thrust bearings, ball, 381 

Timber, jointing of, 175 

Tolerance, 34, 766 

Tools, boring, 607 

, lathe, 373 

Tooth generation, 130 

profile, 87 

profiles, conjugate, 88 

Torches, blast furnace, 337 

Torsion meters, 1228 

tests, 388 

Torsional oscillations, 986 

Torque and shear stress, 207 

Torricellis’ theorem, 1360 

Total heat of steam, 310 

Toughness, 125 

Towers, cooling, 1142 

Town gas, 1420 

Transmission dynamometers, 1228 

of power, 678 

Transverse tests, 386 

Trevithick, Richard, 439 

Triangle, angles of, 549, 591 

of forces, 735 

Triangles, solution of, 873, 929, 977 

Triple expansion steam-engines, 265 

Tropenas converter, 1206 

Tubes, condenser, cleaning of, 119 

Turbines, steam, basic principles of 
design, 1500 

, Classification of, 615, 655 

——, ——, de Laval, 744 

, ——., fundamental principles, 

BOO 
, ——., impulse, constructional 
details, 1053, 1092 
——, —-~, Ljungstrém, 1430 
——, ——-, pressure compounded, 
615, 825 


INDEX 


Turbines, steam, pressure -velocity, 
compounded, 655 

_—, , reaction, construction, 
I161 

—, ——, , radial flow, 1315 

, , simple impulse, 615, 825 

Turning and boring mills, 570 

cranks, 284 

Turret lathes 1374 

Tuyere zone, 150 

Twist drills, 606 

Two-cylinder turbines, 828 

-pass stoves, blast furnace, 474 

—— -phase, A.C., 1187 

-stroke cycle, 123, 330 

indicator diagrams, 331 


UNAFLow steam-engines, 969 
Undercutting of gears, 235, 574 
Underfed stokers, 1097 

Units of force, 880 

of refrigeration, 895 
Unknown index, 354 

Universal milling machine, 1153 
Usco air heater, 1159 


VACUUM augmenters, 562 
efficiency, 173 

—— gauges, 889 

tube effect, electric current, 


522 
Valve, foot, pumps, 504 
, Tadio, 522 
settings, gas engine, 1266 
, sleeve, 1043 
Valves, Diesel, care of, 1322 
, petrol engine, 965 
——, pump, 378 
, stove, blast furnace, 475 
and valve gears, 362, 1288 
Vapour pressure, 63 
Vector quantities, 1348 
Velocity and acceleration diagrams, 
1137 
, angular, 877 
, co-efficient of, 1360 
— head, 89 
—, linear, 877 
, ratio, 1134 
of whirl, 1335 
Vena-contracta, 1360 
Venturi meter, 1359 
Vernier instruments, 1154 
Vertical boilers, 272 
gas engines, 585 
spindle milling machines, 1180 
Vessels, air, for pumps, 504 
Vice, construction, etc., 184 
Vickers’ Hardness testing machine, 
723 
Viscosity, 345, 1309 
Volt, 37 
Voltaic cell, 430 
Volumes, calculation of, 1257 


Volumetric efficiency, fans, 558 

Volute pumps, 715 

Vortex, forced, hollow, 1332 

5 , radial flow through, 
22335 

. , Simple, 1331 

, total energy head, 1333 

Vulkan reversing clutch, 755 


WALLOON hearth, wrought iron, 815 

Walschaerts’ valve gear, 1289 

Waste fuel gas producers, 1515 

heat for boilers, 1455 

Water circulation, 1085 

-cooling system, gas engine, 
1127 

gauge, 889 

horse-power, 91 

tube steam boiler, 409, 489 

Watt, James, 389 ‘ 

Wear of chains, 1314 

Wedge-film lubrication, 346 

Weight of air required per pound ! 
coal, 121 

Weinel chimney valve, 475 

Weir air ejector, 707 

closed-feed system, 1014 


Welding, blacksmiths’, 1131 


, cast iron, 1427 
, electric, 1133 
——,, flashing of arc, 1427 
——, moment of electrode, 142. 
, overhead, 1301 
, oxy-acetylene, 1132 
: -benz, 1132 
, -coal gas, 1132 
——,, —— -hydrogen, 1132 

s -water gas, 1133 
, perpendicular, 1301 
——, personal protection, 1424 
——,, polarity of current, 1424 
, regulation of current, 1424 
——,, thermit, 1133 
, use of copper, 1427 
Welds, hammering of, 1427 
Whirl, velocity of, 1335 
Whitworth quick return, 839 
, Sir Joseph, 1140 
Wind load on steel frame buildings, 

1241 

on bridges, 1242 
Wire, cleaning of, 1461 
-drawing, methods of, 1461 
Wireless valve, 522 
Wohler, 159 
Work, external, 7 
, internal, 7 © 
Worm gears, 46, 573 
Wrought iron, 815 ~ 


Yarrow boiler, 491 
Yield point, 71 


ZENITH carburettor, 1082 
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